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Arnold A. Cohen 


CHAIRMAN, 1960-1961 


Arnold A. Cohen (A’42—M’47—SM’51) has been 
elected Chairman for the year 1960-1961 by the 
PGEC Administrative Committee. ‘ 

Dr. Cohen was born in Duluth, Minn., in 1914. 
He received the B.E.E. degree in 1935, and the 
M.S. and Ph.D. degrees in physics in 1938 and 
1947, from the University of Minnesota. His gradu- 
ate research was in mass spectometry, ion optics, 
and related instrumentation techniques. 

In 1942, he joined the Radio Corporation of 
America, where he engaged in electron tube de- 
velopment. He entered the digital computer field 
in 1946, when he joined the newly formed Engi- 
neering Research Associates, Inc., in St. Paul, 
Minn., which is now part of the Remington Rand 
Univac Division of Sperry Rand Corporation. In 
his present position as Engineering Director, Sys- 
tem Planning, he directs advanced technical plan- 
ning activities for the Military Engineering Di- 
vision of Remington Rand Univac. 

A number of developments in the computer field 
have been identified with Dr. Cohen, including 


development of basic magnetic drum storage tech- 
niques. He was responsible for the system design 
of the ERA 1101 and 1103 (Univac Scientific) com- 
puters. He is a co-author of the book “High Speed 
Computing Devices,” and has been issued a num- 
ber of patents in the data processing field. 

Dr. Cohen was Chairman of the Twin Cities 
Section of IRE in 1951-1952, and spearheaded 
formation of the Twin Cities Chapter of PGEC in 
1957. A member of the PGEC Administrative 
Committee since 1958, he was Vice-Chairman dur- 
ing the past year. In 1957 he served on the Tech- 
nical Program Committee of the Eastern Joint 
Computer Conference, and in 1958 he was Publi- 
cations Chairman. He was Vice-Chairman of the 
U. S. Technical Program Committee for the 1959 
International Conference on Information Process- 
ing, and is currently serving on a Department of 
Defense scientific advisory panel. 

Dr. Cohen is a member of Sigma Xi, Tau Beta 
Pi, Eta Kappa Nu, and the Association for Com- 
puting Machinery. 
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Mare 


High Density Digital Magnetic 
Recording Techniques* 


A. S. HOAGLAND? anp G. C. BACONT 


Summary—The merit of any high density detection method is 
ultimately dependent on the “resolution” characteristic of the mag- 
netic recording components. Justification of readback waveform syn- 
thesis through “single pulse” superposition is given. A comprehen- 
sive, yet general readback simulation program is described which will 
automatically, for any characteristic pulse, simulate all possible 
readback signal patterns and test them for specified reading logic as 
a function of bit density. Amplitude, phase, peak, etc., sensing are 
compared and the influence of parameter variation on performance 
indicated. Good correlation with experiment has been realized and 
has greatly reduced time at the bench. The significance of pulse 
waveform is clearly revealed and this study has provided a guide to 
head design (ring and probe), permitting the optimization of a total 
recording system for high-density storage. 


INTRODUCTION 


AGNETIC recording of data involves the stor- 

age and processing of binary information, uti- 

lizing two states which are capable of being 
differentiated. For convenience, consider NRZ (non- 
return-to-zero) recording in which the storage surface is 
continuously saturated during writing, in one direction 
for a “1” and in the opposite sense for a “0.” A particular 
input is then composed of a succession of alternating 
step changes in writing current. Reading involves a de- 
rivative-type action, as indicated schematically below, 
which illustrates the over-all transfer process from input 
to output. The surface co-ordinate is x, and # represents 
the variable indicating the position of the specified sur- 
face magnetization relative to the magnetic head. 


(1) — M(x) -- + oi(%) 3 vN dd, /dk = e(%) = e(vt) (1) 


——— 


writing reading 


where 


M(x) =distribution of magnetization recorded in the 
storage surface, 
$n(x) =reading coil flux as a function of surface posi- 
tion, 
e€=open-circuit readback voltage, 
N=number of turns on the reading coil, 
v=surface velocity, and 
t=time. 


Hence, e(vt) is a pulse-like signal for a step change in 
a(t), and the surface velocity appears as a scaling factor 


* Manuscript received by the PGEC, October 26, 1959; revised 
manuscript received, January 11, 1960. 

j IBM Research Laboratory, San Jose, Calif. 

1A. S. Hoagland, “Magnetic data recording theory: Head design,” 
Commun. and Electronics, vol. 27, pp. 506-512; November, 1956. 


in both time and amplitude for the output signal. / 
output voltage signal is then associated with ea 
change in the direction of saturation or reversal in wri 
ing current. 

Consider the output signals for arbitrary input pa 
terns consisting of sequences of alternating step-lil 
changes in writing current. On readback, the magnet 
field present, caused by the recorded magnetization 
the surface, is extremely weak and, hence, the magnet 
head will behave very nearly as a linear element. Wri 
ing definition, corresponding to the width of a saturatic 
transition region, is much less than the correspondit 
reading resolution because of the nonlinear surfa 
saturation characteristic.! Therefore adjacent chang 
in surface state will not modify one another even wi 
considerable pulse crowding. These considerations imp 
that the principle of superposition may be usefully a 
plied to the overall input-output transfer process in i 
vestigating high density recording with the use of tl 
characteristic step function output response. The wid 
and waveform of this characteristic step function pul: 
response, e(x), are thus extremely important. Such r 
sponses will be shown as functions of x, or distance, as 
this manner they are most meaningful. Since the surfa 
magnetization will consist inherently of an alternatit 
train of magnetization reversals, the readback wav 
form may be regarded as an alternating pulse sequenc 
As indicated in the foregoing, the velocity enters on 
as a scaling factor between distance and time. Accor: 
ingly, bit density considerations may be derived direct 
from this type of analysis. 

This superposition concept, as applied to digital ma 
netic recording, has been experjmentally confirmed. 1 
an example, Fig. 1 shows a readback waveform resultir 
from a given sequence of magnetization reversals alor 
with the characteristic pulse of the system. This waw 
form is the signal waveform resulting from graphic 
superposition using e(x). It is seen that the correspon 
ence is quite good. The minimum separation of ma 
netization reversals, /min, at which the use of superpo 
tion to predict output waveforms begins to break dow 
may be experimentally ascertained by noting the alto 
nation density at which a marked deviation between t’ 
actual readback waveform and that obtained fr 
graphical superposition commences. This point occv 
beyond the present operating limits for bit density (¢ 
by pulse crowding) with currently employed detectij 
techniques. Hence, the superposition concept is a pow 
ful tool for the exploration of high-density recordin 
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tual factors causing perturbations of the recording 
stem may be included and the over-all detection 
aracteristics then examined. 


| 


| 
: 


| 0. 0010"'/div. 


Reversal c h— 


Points 


(b) 


,, 1—Comparison of experimental and superimposed waveforms 
(1 =magnetization reversal). (a) Characteristic pulse e(x). (b) 
Readback waveform. (c) Waveform resulting from sup erposition 


The principle of superposition is employed, using e(x), 
synthesize the readback waveform for arbitrary 
aary sequences. Then, to study the density potential 
various recording methods, each decoding procedure 
ust be tested against all possible waveforms that 
uld arise in a bit interval at each recording density; 
is examination must be continued as the density is 
sreased until no error-free run is possible. The num- 
r of unique readback waveforms that may be en- 
untered in a bit cell is a function of the degree of inter- 
mbol interference, or pulse crowding, that may arise. 
rr example, until # is chosen less than X, the character- 
ic pulse basewidth, only one basic bit cell waveform 
ll arise. If the waveform synthesis procedure includes 
possible waveform patterns which result when up 
three adjacent bits on both sides of a given bit 
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can produce pulse response interference with the sig- 
nal of the given bit, 2.e., XXX-XXX, then this pro- 
cedure insures that the “worst” case will be considered 
with this degree of potential intersymbol interference. 
This degree of bit interaction was used in the work 
reported here. The choice of three adjacent bits cor- 
responds to a range for m (where m is the number- 
ing of adjacent bit cells) of from —3 to +3 based on the 
expectation that the actual feasible density limits en- 
countered for the detection techniques studies would not 
lie beyond the corresponding permissible range of 
“total” recording pattern simulation. Needless to say, 
this latter condition did exist. Note that if e(x) has a 
basewidth of \, then with ~=3 the corresponding wave- 
form synthesis is valid until a pulse in an n=4 cell 
would interfere with the test cell. Thus a maximum den- 
sity of 7/\ alternations per inch can be simulated. This 
is three and one-half times the density at which recorded 
amplitude modulation, due to pulse crowding, com- 
mences to appear. If the density limit obtained with a 
given recording technique were to exceed 7/X then the 
restriction ON Mmax Would have to be modified to include 
provision for more extensive near-neighbor interaction. 

The most common method of recording digital data 
is the NRZ method where either “1,” “0,” or a binary 
sequence change is represented by a step like reversal 
in current. Considered here is the version (NRZI) where 
the current is switched in direction each time a “1” is to 
be recorded. An output pulse is then associated with 
each recorded “1.” We will first indicate the basic simu- 
lation method for two sensing schemes, amplitude sens- 
ing and peak sensing. These techniques enjoy consider- 
able popularity as well as providing an illustration of 
the approach for two conceptually different methods to 
information detection, being predicted as they are on 
two entirely different signal waveform characteristics. 

The simulation of waveform synthesis and the decod- 
ing process may be done on a digital computer. For the 
work here an IBM 650 computer program was developed 
wherein 40 points were used to represent a characteristic 
pulse signal. In addition, some very important operating 
considerations will be covered and the general utility of 
the program with respect to these practical aspects of re- 
cording will be demonstrated. 


AMPLITUDE SENSING 


With NRZI recording the most common and direct 
method of detection is amplitude sensing where a “1” is 
indicated by the presence of a pulse and a “0” by the ab- 
sence of a pulse. This detection method is inherently 
relatively insensitive to base-line “noise.” Of particular 
interest then is: what is the maximum storage density 
to which such a detection means can correctly operate? 
An error will result when, at sample time, | e(0) | >er or 
| e(1)| <er. Here er is a preset discrimination level, e(0) 
is the output amplitude from a recorded “0” and e(1) is 
the amplitude from a recorded “1.” It should be appar- 
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ent that in providing an equal margin of protection. 


against the two ways in which an error could arise, er 
may vary as a function of density. 

An answer can be given fairly directly to the above 
question if the characteristic pulse is symmetrical and 
an impulse strobe is assumed. Let p represent the pulse 
width from the pulse peak to the point on either side at 
which the pulse amplitude is equal to 3 the magnitude 
of the pulse peak. 

Now first consider an isolated “1” in a binary se- 
quence. Then at a density equal to 1/p the adjacent 
“Q’s” will provide a sample pulse signal equal to 3 where 
the maximum signal amplitude of the waveform is con- 
sidered normalized to “1.” This situation represents the 
worst case (largest amplitude) that pertains to the de- 
tection of a “0” among all possible binary patterns. Then 
recalling that the pulse sequence must alternate, con- 
sider the central bit in an adjacent group of 3 “1”’s sur- 
rounded by zeros. The pulses corresponding to the outer 
“1”’s then subtract from the central pulse. Now at the 
density 1/p the signal level at sample time for the cen- 
tral bit is equal to 1—2(4) = 4. This particular binary 
pattern again corresponds to the worst case for the de- 
tection) of ran 15” 

Thus at a density equal to 1/p we are at the limit of 
amplitude discrimination detection and hence 1/p is the 
maximum possible density that could be expected with 
amplitude sensing. For example, for a triangular pulse 
of base width equal to X, 


p= /3 (2) 
or the maximum theoretical storage density is equal to 
(OP) nae Oy Ne (3) 


For this characteristic pulse model the limiting bit den- 
sity with amplitude sensing is equal to the magnetiza- 
tion alternation density at which the roll-off curve (out- 
put amplitude vs magnetization alternation density) 
has dropped to 3 of the maximum signal. The limitation 
here arises specifically from pulse crowding and sensing 
is predicated on the acceptance of considerable inter- 
symbol interference. 

Now in actual practice one must contend with con- 
siderable departures from this “first order” model. Then 
the computer program outlined below provides a flexible 
means to attack the general detection question with a 
high level of sophistication. 

Upon readback, with amplitude detection, the signal 
waveform is strobed at the center of each bit cell (ex- 
ternal clocking is assumed) and the sample value is com- 
pared with a preset discrimination level. For this work 
the strobe width is kept at + of the bzt interval. If the 
magnitude of the strobed signal sample is greater than 
this discrimination level, the sensing decision logic es- 
tablishes the bit as a “1”; if the signal amplitude is less 
than this threshold level, a “0.” The simulation pro- 
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gram incorporates the requirement that the readback 
waveform sample exceed the “1” sense level for the full 
width of the strobe before the presence of a “1” is indi- 
cated. This serves as a criterion to provide for a reliabil- 
ity in actual circuit implementation. 

There are limits at any given bit density between 
which this discrimination level must be set to allow the 
proper identification of each strobed sample. If this 
level is below an established lower limit, some “0”’s will 
be interpreted as “1”’s; if it is above an upper limit, 
some “1”’s will be detected as “0”’s. As the program con- 
siders “cell” signal waveforms arising from all possible 
patterns produced by varying the states of the 3 adja- 
cent bit intervals on each side of the test bit, the de- 
termination of the upper and lower sensing level limits 
at any density involves the examination of all possible 
seven-bit code patterns. 

With the center bit assumed written as a “1,” the 
strobed signal amplitudes of this cell are used to deter- 
mine the upper sensing level limit; if this test bit is a 
“0,” the strobe samples are used to determine the lower 
amplitude threshold limit. Thus, for a given density, the 
upper limit would be the lowest-amplitude “1” signal 
obtained while the lower limit is equal to the maximum- 
amplitude strobed “0” signal. Fig. 2 shows the curves 
displaying these limits as a function of bit density with 
the characteristic pulse from which these curves were 
constructed. The crosshatched area shows the region in 
which the amplitude sensing level must be placed for. 
error-free detection. Obviously this recording system 
would start to give errors with some patterns at 1075 
bits per inch, at which point the sensing level limits in- 
tersect. A reduction in density below this figure (down 
to about 700 bpi) will permit an increasingly greater 
tolerance for variation in the sense level setting. One 
can note the effect of the overshoot and the asymmetry 
of this particular characteristic pulse on the sensing 
level limit curves (as well as on the patterns that caused 
the amplitude threshold limits at various densities). 
These limiting patterns are tabulated in Table IJ. In 
particular, note in Fig. 2 the rises in the lower sense 
limit at 600 and 1200 bpi due to the presence of pulses 
(which, again, possess overshoot) in the adjacent cells: 
The fall in the upper sensing level limit at low bit densi- 
ties is due to the strobe intersecting the characteristic 
pulse away from its peak, since the strobe width is re- 
lated to the bit interval rather than the pulse width. | 

This basic waveform synthesis and detection routine 
may now be extended by any further reading logic that 
one may wish to apply to the basic detection scheme 

é., logical correction,? self-clocking,? etc. In addition 
the NRZI coding scheme may be modified to represent 


* A. S. Hoagland, “A logical reading system for nonreturn- to 
zero magnetic recording,” IRE TRANs. ON ELECTRONIC COMPUTERS 
vol. Mer 4, pp. 93-95; September, 1955. 

iDeaDy Seader, “A self- clocking system for information transi 
IBM 7. Res. Dev., vol. 1 pp. 181-184; April, 1957. 
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Input Pulse e(x) 


Amplitude in % of e(x)max 


Bits Per Inch 


Fig. 2—Amplitude sensing level limit curves. 


AB Ee 


TEsT PATTERNS THAT CAUSED THE SENSING 
LEVEL Limits oF Fic. 2 


. : Upper Pattern Lower Pattern 
Bit Density Test Position Test Position 
(bpi) ; 
300 0001000 1110111 
450 0011000 0010100 
600 0011000 0010100 
750 0111110 0110010 
900 0111110 1010010 
/ 1050 1011110 1000110 


phase modulation scheme! as shown in Fig. 3. Here 
onreturn-to-zero recording is assumed with a positive 
ulse representing a “O” and a negative pulse represent- 
ug a “1.” If two or more “1”’s are to be written con- 
-cutively the inherent alternating character of the mag- 
etization results in a signal output pulse of opposite 
1, a between the resulting “1” pulses. These “ex- 
-aneous” pulses need not be sampled as they contain 
i new information, but nevertheless they will cause 
-eater pulse crowding at any particular density and 
hes modify the strobed signal values. The same state- 
1ents apply to a sequence of “0”’s. 
The computer program allows a rapid comparison of 
ne relative advantages of the NRZ and phase modula- 
ion schemes. Intuitively one sees that with phase mod- 
lation only the polarity of the sampled waveform need 
e considered; thus, the lower sense level limit is “0.” 
ising the same characteristic pulse as in Fig. 2, the 
pper sense level limit as a function of bit (not pulse) 
nsity is shown in Fig. 4. The difference of the sense 
ei limits of the NRZ scheme of Fig. 3 is plotted along 
ith this, as this is an analogous measure of the signal 
Lee tolerance of the sensing level setting. As 
right be expected it is seen that the phase modulation 
irve falls off at just over half the density given by the 
[RZ difference curve. In other words, the fact that the 
ywer sense level can be near “0” does not compensate 
yr the increased pulse crowding. This comparison does 


4F.C. Williams, T. Kilburn, and G. B. Thomas, “Universal high- 
eed digital computers: a magnetic store,” Proc. TEE, pt. II, vol. 
), pp. 94-106; April, 1952. 
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Fig. 3—Phase modulation readback signal (low density). 
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Fig. 4—NRZI Amplitude and phase modulation comparison. 


not, of course, take account of possible advantages of 
the redundant pulses in error detection. 

Further extensions of the basic amplitude sensing 
routine and uses of the sensing level limit curves will be 
shown later. In order to make subsequent relative com- 
parisons of the influence of parameter variation on both 
amplitude and peak detection techniques, the peak 
sensing simulation program will first be described. 


PEAK SENSING 


The recorded step response typically results in an out- 
put pulse with a very high degree of symmetry about 
the peak. Then the peak, being centrally located, pos- 
sesses the greatest degree of isolation (among all the sec- 
tions comprising the waveform) with respect to inter- 
symbol interference. Therefore the technique which in- 
tuitively seems obvious as a means to extend density in 
the face of pulse crowding is peak sensing. Inherently 
this method provides insensitivity to amplitude varia- 
tion since it does not directly exploit this waveform 
feature. 

In peak sensing, the detection problems are some- 
what different as it is necessary to determine if a signal 
peak® of proper character occurred within a prescribed 
bit interval. Thus the readback waveform must be ex- 
amined throughout the entire bit interval for the pres- 
ence of such a signal peak. 

Specific knowledge of the character of the actual in- 
tended peak detector is required to meaningfully simu- 
late this detection method. In practice it would be un- 
desirable to have a detector that would respond to every 
signal peak of the readback waveform as the system 
would then be susceptible to all noise peaks and base- 


5 More precisely, points where the derivative of the signal changes 
sign. 
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line ripple. In the work presented here, the detector 
represented in Fig. 5 was simulated. The low-pass filter 
network is merely for impulse-type noise elimination 
and does not cut off any significant part of the signal 
frequency spectrum. Hence, it is not involved in the de- 
tection simulation program since such noise is not gen- 
erated and inserted in the computer signal waveform 
synthesis. The specific detector circuit treated requires 
that the computer program output representing the 
simulated differentiator change polarity and achieve a 
certain minimum magnitude before indicating the exist- 
ence of a peak, as shown in Fig. 5. 


Low Pass 
Filter 
Head 


Output —,..__ 
Ps 


Peak 
Indications 
Readback { 


Head 
So Amplifier ke 


Amplitude 
Detector 


pe Difersatlata®’ a 


Differentiator 
Output 


Peak Indications 


Fig. 5—Block diagram of peak detector. 


From the discussion of the computer simulation of 
amplitude sensing it is easy to see how the same general 
procedure applies here. All possible seven bit patterns 
are again generated and the waveform in the center bit 
cell is examined for the above characteristics of detecta- 
bility. As an “acceptable” peak is located, its spatial po- 
sition within the bit cell is recorded as an output along 
with the associated bit pattern and bit density. If a sig- 
nal peak should have been located in a bit cell but no 
peak is detected, or vice versa, a failure indication is 
noted. 

If the system is externally clocked (1.e., if the bounds 
of the bit interval are defined independently of the re- 
corded information) the above type of failure completely 
determines the upper bit density limit. However, if due 
to timing variations self-clocking must be employed, a 
somewhat modified failure criterion must be used. Fig. 6 
shows the type of self-clocking used in which the clock is 
rephased each time a peak is detected. If, as previously 
defined, the bit interval is / (7.e., the maximum clock 
rate=1/h) an error will occur for two successive “1”’s 
written mh apart (m is an integer) if the distance be- 
tween the two resulting readback peaks, dm, is not within 
the range 


(m — 4)h < dm < (m+ 4)h. (4) 


(“O” peak shift is understood to imply d,=mh.) If the 
lower limit is exceeded a “0” will be omitted in the read- 
back binary pattern while a peak separation greater 
than the given upper limit will cause an extra “0” to be 
inserted in the decoded information. 


March 


It is now arelatively simple matter to scan the output 
list of peak locations within the test bit cell at a given 
density and determine the maximum magnitude of 
peak shift. Since the concern about peak shift with self- 
clocking relates to the relative separation between suc- 
cessive pulses it is necessary to determine the net shift by 
considering the effect on each pulse (treated as the test 
cell) within the context of the same code pattern. It be- 
came readily apparent that for a great variety of pulses 
with little or no overshoot® one particular pattern con- 
figuration always gave a failure as early, if not earlier, 
than any others. Fig. 7 shows this pattern and two ways 
that it may cause an error. Jn both cases the readback 
failure is caused by the shift of the readback peaks of 
two adjacent ones surrounded by “0”’s. 


Written Information 1 0 1 1 0 1 


Waveform 


Clock 


Peak Indications 


Readback Information’ 1 0 | 1 0 1 


Fig. 6—Self-clocking logic. 
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Fig. 7—Self-clocking failure situation. 


One might initially suppose that a possible way to 
circumvent this problem and hence have a means to ob- 
tain a higher density would be to deliberately write the 
two “1”’s (2.e., current reversals) closer together than 
the reference clock period, since this worst case can be 
recognized prior to recording. Experiment and graphical 
superposition show that this concept is not fruitful. 
Typically, a curve like that of Fig. 8 is obtained. For a 
bit interval greater than Mp (see Fig. 8) there is negligible 
peak shift. However, as / is reduced (increasing the bit 
density) the peak separation rapidly approaches a fixed 


6 In general, characteristic pulses with significant overshoot can- 
not be used in a peak sensing system. If the detector indicates a peak 
when reading the overshoot, the system wiil automatically fail. For 
high-density recording the detector would need sufficient dynamic 
range to sense all but the smallest “unwanted peaks.” 
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Readback Peak Separation, d 


min fe) 
Magnetization Reversal Separation, h 


Fig. 8—Peak shift vs h for 00011000 
pattern, where bpi=1/h. 


value dmin. In fact from (4) 


h ( s d (=) 7 5 
DOT a 10) 3 mins (5) 


Recall that bptmax=(hmin)1 so that (bpt)max=1.5 
/dmin. Predicated on the superposition concept, dmin can 
be readily interpreted as follows. Note that the readback 
waveform representing two successive “1”’s is obtained 
from the subtraction of the characteristic pulse, shifted 
by the distance h, from itself. In effect, one is approxi- 
mating differentiation of the characteristic pulse 
through taking finite differences with interval h. In the 
limit as h goes to “0,” then the peaks of the readback 
waveform approach a separation equal to the distance 
between the steepest slopes of the characteristic pulse, 
i.e., the separation of the dipulse peaks of é(«), where 
é(x) =de(x) /dx. To minimize peak shift these inflection 
points should be as near each other as possible; or in 
general one would like to have cusp-shaped character- 
istic pulses to most fully complement a peak sensing de- 
tection system. 

A convenient way of representing the peak sensing 
density resolution allowed by a given characteristic 
pulse is to plot the percentage peak shift, 100 (di—h) /h 
(where d; is the peak separation arising from two adja- 
cent ones), against bit density for the worst-case pattern 
group. This can be done quite rapidly by the computer. 
If the characteristics of the peak sensing circuit are 
reasonably simple, this is easily done graphically. Fig. 9 
shows a characteristic pulse and the curve that results. 
On this same plot is shown a curve that was experimen- 
tally obtained from the recording unit that provided this 
characteristic pulse. The agreement between these two 
curves again confirms the engineering validity of the 
superposition approach to recording techniques analysis. 

Consider the relative timing aspects of self- and ex- 
ternally-clocked systems that use peak sensing. With 
external clocking a peak may be anywhere within its 
appropriate bit interval. Thus for the worst case situa- 
tion cited above, the peaks could be separated a maxi- 
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mum distance of 2 bit cells, while with self-clocking 1.5 
bit intervals is the maximum separation that can be 
tolerated. Thus if the accuracy of the external clocking 
is perfect, self-clocking decreases the bit density po- 
tential by a factor of 2. It is of interest to note that for 
an idealized triangular pulse it can be analytically 
shown (with self-clocking restrictions) that the limiting 
density due to peak shift is 3/A, or the same as obtained 
for this idealized pulse with externally clocked ampli- 
tude detection. This fact will point up the significance 
of considering operating factors (see below) in order to 
properly get an evaluation of detection methods. 


Peak Shift ( % of Bit Interval ) 


1200 400 600 
Bits Per Inch 


Fig. 9—Peak shift vs bit density. 


OPERATIONAL CONSIDERATIONS 


The amplitude and peak sensing simulation proce- 
dures that have been described are basic tools whose ex- 
tension to demonstrate the introduction of practical 
operating factors and parameter variations into a re- 
cording system analysis will now be described. As the 
over-all goal is the optimization of a recording system 
the limitations imposed by these factors must be under- 
stood. 


Amplitude Perturbations 


Most applications here of the computer programs ex- 
ploit the linear characteristic of the readback model. 
For example, if the amplitude of the characteristic pulse 
is changed, the sensing level curves of Fig. 2 will be 
scaled by the same factor. This has direct application 
with amplitude sensing in the specification of manufac- 
turing tolerances for the output of heads used in a 
memory where a group will feed the same detector, such 
as the heads of a drum that are individually selected and 
connected to a common read amplifier by some switch- 
ing network. If the assumption is made that the charac- 
teristic pulse waveform of each head differs from any 
other only by a constant scaling factor, then each head 
will have sensing level limit curves that differ from those 
of the others by this scale factor. The object is now to 
determine the two composite sensing level limit curves 
as these alone are relevant to the single detector. The 
composite curves wanted are, of course, the highest 
lower limit curve and the lowest upper limit curve. As- 
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sume that the curves of Fig. 2 correspond to the head 
with the highest signal output. Then the lower limit 
curve here will be the lower limit curve of the composite 
set. The upper limit curve is that associated with the 
head of lowest output voltage. If, for a margin of re- 
liability, we demand that the composite sensing level 
limit curves provide a threshold detection level range of 
at least 25 per cent of émax at the operating density, the 
ratio of allowable head output variation may be ob- 
tained. That is, we can find the factor that must multi- 
ply the upper sensing level limit curve of Fig. 2 to cause 
the difference between the composite sensing level limits 
to be 25 per cent of @max (at the selected operating den- 
sity). If we record at a density of 800 bpi, using Fig. 2, 
this factor may be shown to be 0.41. Any lower ratio of 
lowest to highest head output would cause the sensing 
level limit difference to be less than 25 per cent of max. 
{It should be noted that this same analysis can be used 
to determine the effects of small head-to-surface varia- 
tions in which only the amplitude and not the general 
shape of the characteristic signal pulse is changed. 

A problem very similar to the above arises when con- 
sidering positioning tolerances for an access mechanism 
that moves a single magnetic head to cover a multiplic- 
ity of tracks (again assuming amplitude detection). Asa 
head gives an output proportional to the width of the 
track that it is reading, any movement off-track gives a 
proportional decrease in the output from that track. 
Using this relation it is possible to show how the sensing 
level limit curves are modified as a function of the maxi- 
mum access positioning error, 2P. In Fig. 10 it may be 


Fig. 10—Track misregistration problem. 


seen how the “worst case” situation arises. The head, of 
track width R, first writes at a distance P to the right of 
a reference or true track centerline. The head is now con- 
sidered on a later access motion to be located at a dis- 
tance, P, to the left of this reference axis and new in- 
formation recorded on the track. The worst case arises 
when the head is repositioned to read this track again 
but is assumed located off-track to the right again by 
the maximum distance, P, from the centerline. Here the 
smallest width of the desired (most recently written) in- 
formation and the greatest width of the undesired or 
outdated information is read. The sensing level limit 
difference, A, will now be lowered by two factors. First 
A is reduced by the ratio of the last recorded path 
width (that is actually being covered by the head) to the 
head width. As is seen in Fig. 10, this fraction is 
R—2P/R. At the same time an uncrowded output pulse 
from the outdated recorded path provides the greatest 
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_potential additional decrease of A. The worst case corre- 


sponds to a pulse being previously recorded at the same 
track cell as the test bit but of the opposite polarity. 
Let the maximum upper sensing level limit of a single 
characteristic pulse be C (recall that the sense level limit 
is based on a finite width strobe). Then for the above 
worst case the upper sensing level limit will be reduced 
by a term equal to (2P/R)C due to this factor. Likewise 
the lower sensing level limit can be increased by 
(2P/R)C under worst case conditions. The following 
expression for the resultant minimum difference, A, 
may be written 


aa 


4P 
i | Ic (6) 
R 


R 


Or, if A is specified, the maximum positioning error may 
be determined, 7.e., 


po Bees. (7) 
2A + 4C 


Assume that we are using the recording system char- 
acterized by Fig. 2 and that a minimum A of 25 per 
cent cf é@max is required. If we are operating at 800 bpi 
it is seen that A is 70 per cent and C is 90 per cent of the 
characteristic pulse peak. Eq. (6) then gives a maximum 
tolerable positioning error of 0.09R. 

As C2A, the maximum permissible value for P is ob- 
tained when C=A and A=0, “.e., 


RA R 
Pas = = 4 0.167R. (8) 
2A + 4A 6 


Thus the allowable value of 0.09R, while small, is not 
too far from the maximum positioning tolerance value. 

In general if there is an unwanted signal of a type that 
adds linearly to the readback waveform it may be dealt 
with in an analogous manner. Many times the worst 
case situations of the composite signal are obvious and 
through manipulations as simple as.those above, direct 
evaluations may be made. If this is not the case it is still 
reasonably easy to have the computer automatically 
test all pertinent cases. 

When peak sensing is to be employed, unwanted sig- 
nals of the type described above pose a different prob- 
lem. If the unwanted signal, by itself, will cause the de- 
tector to indicate a peak, then a detection failure will 
certainly result. The effects of any lesser disturbing 
noise signal must be superimposed on the signal wave- 
form and the composite waveform examined. It is 
usually a computer problem to find worst cases as the 
resultant waveform must be examined in more detail 
than is the case with amplitude sensing. In a system in 
which the main perturbation is a variation in the read- 
back waveform amplitude, peak sensing performance is 
only slightly affected, as the position of the signal peaks 


960 


is unchanged. In this respect it is considerably superior 
to amplitude sensing. 


Clock Timing 


Another operating condition quite readily handled 

by the programs is that of clock timing. All systems 
must tolerate a certain degree of clocking inaccuracy. 
When an external or fixed clock reference is used, some 
sacrifice in bit density must be accepted in order to tol- 
erate timing variations; if the timing inaccuracy is po- 
tentially extreme, one is forced to employ self-clocking 
| (with a likely restraint on code combinations to main- 
tain proper circuit-surface synchronization). 
The peak sensing computer routine is readily adapt- 
able to this problem, since the indicated peak position 
| within the bit interval is the program output. Thus it 
is simply necessary to determine the amount that the 
boundaries of the bit cell must be shifted to cause fail- 
ure in the worst case. One half of this is the maximum 
allowable clock variation, as the total error has con- 
tributions from both reading and writing. 

The externally-clocked amplitude sensing case is 
quite rapidly studied through a slight modification of 
the sensing level limit program. Again all seven-bit 
waveforms are constructed with the clock in the proper 

position. In the simulation of detection the strobe is 
moved both to the right and to the left in small incre- 
ments. At each clock (1.e., strobe) position, the upper 
and lower sensing level limits are noted, using all possi- 
ble patterns. From these values composite sensing level 
limit curves as a function of clock shift are obtained for 
the density in question. If, for reliability, it is required 
that the sensing limits be separated by at least 25 per 
cent of émax the above curve will establish the maximum 
allowable clock shift. Using the characteristic pulse of 
Fig. 2, plots of this maximum allowable shift are shown 
in Fig. 11 for both phase modulation and NRZ coding. 


4) 


Phase 
Modulatio 


Clock Shift To Failure 
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Fig. 11—Clock shift with amplitude detection. 


The lower pulse crowding of the NRZ method is seen to 
be a favorable factor with respect to this problem. 
The above applications have dealt with operational 
effects upon a system with a given characteristic pulse. 
Now we will look at the characteristic pulse itself to de- 
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termine how it is related to the recording structure and 
hence the relation of head design to density. 


HEAD DESIGN 


Through a reciprocity argument! a relation between 
e(&) and M(x) can be derived. In brief, if low-level ex- 
citation of the recording head produces a field distribu- 
tion H(x), then, based on the principle of reciprocity, 
the layer magnetization M(x) at a depth y in the mag- 
netic surface will produce a reading coil voltage u() 
where 


u(#) = KoN i * (a) aS (9) 


Here K is a constant and M and H are vectors combined 
by a scalar or dot product operation. If a ring-type head 
(or horizontal recording) is assumed, the significant 
component of the magnetization is in the x direction. 
Then, taking M= WM, and for M,(«) a step function, the 
derivative of magnetization is an impulse and the above 
integral yields 


u() = uz(%) « H2(%); (10) 


u(&), the output signal waveform, is then proportional 
tO Lao) 

Eq. (9) may be interpreted as analogous to a “scan- 
ning” process in which H(x) is scanned by the distance 
derivative of the surface magnetization. When M=M, 
(and has a finite slope), H,(x) is scanned by a pulse-like 
magnetization function of finite width and the resultant 
u(x) will have a broader and flatter waveform than 
Cae 

For most practical cases u(%) closely resembles 
H,(x) for a ring head and u(#) resembles H,(x) for a 
vertical probe-type head.’ Thus it is useful to have a 
method for determining H,(x) and H,(x) for a given re- 
cording environment. A rapid way to get estimates for 
these sensitivity or weighting functions, 1.e., H, and 
H,, is to use an electrolytic tank. Here an analogy is 
made between permeability and conductivity, and be- 
tween H and E (electric field). For this purpose, the 
magnetic head is most easily regarded as possessing an 
infinite permeability. There is no concern about local 
saturation effects since this analog is to apply to read- 
back analysis where very weak fields exist. The head is 
satisfactorily represented by a highly conducting 
boundary. 

The saturated surface will not have a permeability 
significantly different from air and both can then be ade- 
quately represented by the electrolyte in the tank. Thus 
with the simulated head structure electrically excited, 
H,(x) and H,(x) can be found at any corresponding 
depth y in the “magnetic” surface. The total head “out- 
signal,” e(#), assuming a step change in M,, is the con- 


7W. Farrand, “An air-floating disk magnetic memory,” 1957 
WESCON ConvVENTION RECORD, pt. 4, pp. 227-230. 
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tribution from the entire surface, 7.e., 


e(z) = if 18 GAG reais (11) 


Here d is the surface thickness. This integral can be ap- 
proximated by summing the contributions from several 
depths throughout the surface. 

Then the characteristic pulse is determined by the 
head sensitivity function and the surface magnetization 
through the integral relation of (9). It is also evident 
that if the magnetization reversal is essentially step- 
like, the characteristic pulse very closely resembles the 
“mean” sensitivity function. This sensitivity function 
is easily obtained from an electrolytic tank or similar 
field analog, thus allowing a quick determination of the 
density limitation implications of a given head design. 
The above relationship allows one to predict the rela- 
tive density performance of various head designs before 
construction is undertaken, thus being a considerable 
aid in guiding head design efforts. 

Of particular interest, the above approach allows a 
quick relative differentiation between the properties of 
ring and vertical probe type structures. At the same 
head-to-surface spacing and with the same magnetic 
coating thickness, the dimensions of representative head 
types are chosen to each yield a sensitivity function of 
approximately basewidth, . Two such sensitivity func- 
tions for experimentally achievable designs are shown 
in Fig. 12 along with the corresponding recording geom- 
etry. Notice that the vertical probe head yields a sensi- 
tivity function with a flatter top and steeper sides than 
the ring head. This waveform dissimilarity between the 
ring and probe structures causes a pronounced differ- 
ence in their sensing level limit and peak shift curves. 
The sensing level limit curves of Fig. 13 reflect the ef- 
fects of the average slope of the sides of these readback 
pulses. When, for the probe head, the upper sensing 
level limit starts to fall at about 1000 bpi it falls very 
rapidly as the steep sides of the signal pulse would indi- 
cate (and similarly for the rise of the lower sensing level 
limit). The ring head, however, yields curves that fall 
off much more slowly and as a result would allow higher 
recording densities with amplitude detection than this 
probe head although their pulse widths are the same. 
The curves of peak shift shown in Fig. 14 demonstrate 
that peak sensing is even more critically dependent upon 
characteristic pulse shape. Intuitively this is substanti- 
ated by noting that the much sharper peak of the ring 
head sensitivity function will be distinguishable under 
greater pulse crowding than could be expected from the 
flatter top of the sensitivity function possessed by the 
probe head. 


SURFACE MAGNETIZATION 


The effects of a finite slope for the surface magnetiza- 
tion can now be estimated. The integral of (9) was 
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Fig. 12—Sensitivity functions. 
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Fig. 13—Amplitude sensing level limit curves. 
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Fig. 14—Ring and probe peak shift characteristics. 


solved graphically for a uniform magnetization reversal 
of \/5 for both the ring and probe head discussed previ- 
ously. This magnetization transition width places an 
expected upper bound on the applicability of superposi- 
tion at Amin=d/5; for }\=0.002"”, the maximum bit 
density that can be anticipated as susceptible to super- 
position simulation is 2500 bpi. The results of consider- 
ing a finite magnetization change were characteristic 
pulse waveforms with broader bases and flatter peaks 
than those of the original sensitivity functions, as would 
be expected. In the comparisons of these results with the 
sensitivity functions, the probe sensitivity function is 
only very slightly modified while that of the ring is con- 
siderably changed. Neither the sensing level limit curves 
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Fig. 15—Effect of Mz upon ring peak shift characteristics. 


nor the peak shift curve were perceptably modified for 
the probe head. Likewise, the sensing level limit curves 
for the ring head were essentially the same. However, 
‘the peak shift of the ring head was considerably in- 
creased due mainly to the difference in the shape of the 
peak of the pulse. This increase in peak shift may be 
seen i Fig. 15: 

_ Thus when peak sensing is to be used in conjunction 
with a ring-type head, efforts to obtain a magnetic sur- 
face that will sustain a narrower magnetization reversal 
may be worthwhile, this being indicated by the wave- 
form difference between the characteristic pulse and the 
sensivitity function. Use of the sensitivity function it- 
self in examining bit density limits corresponds to as- 
suming an ideal surface, since true step changes in mag- 
netization are assumed. Hence curves obtained in this 
manner indicate the range of potential gain that may 
result from improvements in the magnetic surface or in 
writing for a given detection technique. The data here 
are for a 200 microinch head-to-surface spacing. Closer 
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spacing would tend to increase the significance of the 
surface in the over-all recording process. 


CONCLUSIONS 


The purpose of this paper has been to demonstrate 
the considerable amount of information relative to mag- 
netic recording system performance that can be derived 
from the utilization of the characteristic pulse wave- 
form. Both theory and experiment have demonstrated 
that the utilization of the superposition concept is valid 
beyond the range of recording bit density that is achiev- 
able for the detection techniques and head designs here. 
The waveform superposition synthesis has been advan- 
tageously simulated on a digital computer along with 
detection techniques and operational effects. 

It is significant to note that the detection methods 
studied are very sensitive to the exact shape of the char- 
acteristic pulse. The pulse base-width, \, is only one 
parameter characterizing this waveform and, as was 
shown in the comparison of ring and probe heads, it is 
not necessarily the most important. It was further 
shown that these pulse shape factors are more critical 
in peak sensing than in amplitude sensing. Hence this 
work has provided a means to interrelate head design 
and recording techniques to achieve over-all recording 
system optimization. Further, such analyses have given 
insight into the role of the magnetic surface in setting 
performance. 

The computer programs will very suitably predict 
recording system performance and have greatly reduced 
exploratory bench work. The study here, while high- 
lighting the nature and features of digital recording is 
primarily a valuable “tool” since, in itself, the simula- 
tion analysis does not directly produce new detection 
principles. . 


12 IRE TRANSACTIONS ON ELECTRONIC COMPUTERS 


March 


The Optimal Organization of Serial 


Memory Transfers* 


ARTHUR GILLt 


Summary—This paper is concerned with the optimal compilation 
of programs whose function is to transfer words of information from 
one location in a serial memory to another. The most important opti- 
mization tool is the “timing schedule,” which facilitates the analysis 
of various transfer schemes and the determination of the fastest 
one. The procedure described for optimizing serial transfers is read- 
ily programmable for computer execution, and is directly applicable 
to a general class of transportation problems. 


INTRODUCTION 
\ LARGE number of small-scale general-purpose 


digital computers currently in use are equipped 

with a high-speed memory of the so-called “se- 
rial” type. Examples are the IBM 650, Bendix G-15, 
Royal McBee LGP-30, and Datatron 205. The serial 
memory, in general, consists of a rotating magnetic 
drum, divided into a fixed number of peripheral chan- 
nels, or “lines;” each line is able to hold a fixed number, 
say n, of serially recorded “words” of information. The 
information can be read from the drum, or recorded on 
it, by physically-stationary ferromagnetic heads; conse- 
quently, a specific word is accessible only once per drum 
revolution, or once every n “word-times.” 

The problem under discussion is that involving suc- 
cessive transfers from one memory location to another. 
To transfer a word from a location corresponding to 
word-time ¢ to a location corresponding to word-time t’, 
the following commands have to be issued: 1) read the 
“source line” into the accumulating register at word- 
time ¢; 2) record the accumulating register on the “desti- 
nation line” at word-time t’. In the usual case, which 
will be assumed here, the capacity of the accumulating 
register is a single word, so that only one word can be 
transferred at a time. 

In programs involving a large number of successive 
transfers, and where the over-all speed of operation is 
at a premium, it is imperative to select judiciously the 
sequence of transfers so as to minimize the wasted mo- 
tion. In the following sections a systematic method will 
be described which facilitates the evaluation of various 
transfer sequences and the determination of the opti- 
mal one. 


* Manuscript received by PGEC, August 6, 1959; revised manu- 
script received November 9, 1959. The research in this paper was 
supported by the U. S. Navy, under contract with the University of 
California, Berkeley, Calif. 

. Ri Dept. of Electrical Engrg., University of California, Berkeley, 
alif. 


THE TIMING SCHEDULE 


Prior to program compilation it is advantageous to 
display schematically the relative locations of the 
“source words” and the “destination words” as they ap- 
pear in the memory. This is done in Fig. 1 for a program 
involving the successive transfers of 7 words in a mem- 
ory where »=20. The source words and destination 
words are shown in two separate lines although, physi- 
cally, they may be arbitrarily distributed among all the 
memory lines. The arrows point from the source words 
a (t=2, 3, 8, 9, 12, 14, 18) to the corresponding destina- 
tion words, labeled 2’. Also indicated are the entry word 
(denoted VV), where the transfer program starts, and the 
exit word (denoted X), where the program terminates. 
To count the number of word-times between any two 
words, say 1 and 72, it is necessary to proceed from 1, to 
72 in the shown “direction of travel;” if 7: is numerically 
smaller than 7, it is necessary to go through word 20 and 
then back to 1. 


SOURCE 
LINE 


DESTINATION 
LINE 


WORD 


OMNANAWN — 


DIRECTION 
OF 
TRAVEL 


Fig. 1—A serial transfer problem. 


It is convenient to visualize the accumulating register 
as a vehicle traveling parallel to the memory lines, al- 
ternately “loading” and “unloading” information words 
at preassigned locations. In these terms, the problem at 
hand can be formulated as follows: given the starting 
point NV and the end point X, in what order should the 
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ehicle transfer the given words so as to minimize the 
otal length of the route? 

It should be pointed out that, in general, there is a 
xed minimum number of word-times which have to be 
lowed before any reading and recording (or loading 
and unloading) operations can be performed. This num- 
ber, denoted by 7, equals the number of word-times re- 
uired to execute a command in the given computer. 

_ The timing information displayed schematically as in 
Fig. 1 can be concisely and effectively presented in a 
table which will be called the “timing schedule.” In this 
m+1 by m+1 schedule, m being the number of source 
words, the first row and column correspond to word N 
and word X, respectively; the remaining rows and col- 
jumns correspond to the m source words, arranged in 
itheir serial order. The elements ¢,;;, common to row 7 
and column j in the schedule, are determined according 
ito the rules listed in Table I (every rule in the table 
takes precedence over all following rules). 


| ADANEULS, II 
| Element Equals Number of Word-Times 
| Element : ; 
Starting Ending : 
at Word at Word Via Word 
tyx = ae =e 
tn; N j-r-1 == 
tix u'—r XG 4! 
tig ir t'’—r—-1 7 
ite i'’—r j-r—-1 o 


Fig. 2 is the timing schedule for the problem depicted 
by Fig. 1, with r=1. 


APPLICATIONS OF THE TIMING SCHEDULE 


The calculation of “route lengths” corresponding to 
various transfer sequences is greatly facilitated by the 
timing schedule. In general, to calculate the time re- 
quired to transfer words a, 6, c,--:,m—1,mtoa’, b’, 
c’,--+, (m—1)’, m’, in that order, one should mark 


the following schedule elements: 


Na, aa, 
ab, bb, 
ie, és 


(m — 1)m, mm, 
mX. 


The sum of the marked entries equals the route length 
in word-times. 

As an example, Fig. 3 shows the representation of the 
sequence N-8-9-2-14-3-18-12-X on the schedule of Fig. 
2. The marks, or “vertices,” are shown with a set of 
straight line segments connecting each diagonal vertex 
with two off-diagonal vertices, and forming a continu- 
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Fig. 3—A representation of the route N-8-9-2-14-3-18-12-X. 


ous path between the vertex in row N and the vertex 
in column X. Summation of the marked entries, or the 
“weights” associated with the vertices, yields the total 
route length of 138 word-times. Generalizing, any speci- 
fied sequence can be uniquely represented by m-+1 off- 
diagonal vertices having the following geometrical prop- 
erties: 1) every row and every column contains exactly 
one off-diagonal vertex, 2) when every off-diagonal ver- 
tex is connected by straight lines to the diagonal ver- 
tices on its row and column, a single continuous path is 
obtained which connects all the 2m-+-1 vertices. The set 
of m+1 off-diagonal vertices featuring these properties 
will be called a “proper set.” Thus, every proper set 
corresponds to a realizable route, and vice versa. 

In terms of the timing schedule, the optimization 
problem can be formulated as follows: it is desired to 
find a set of m diagonal vertices and a proper set of 
m+1 vertices, such that the sum of the associated 
weights will be minimal. However, since the weights 
associated with the diagonal vertices are common to all 
possible routes, the problem simplifies to the following: 
of all proper sets of vertices, find the one whose total 
weight is the minimum. 
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A MINIMIZATION PROCEDURE 


Consider a timing schedule where, in each row, an off- 
diagonal element is circled, and call the circled element 
in row 7 the “weight of row 7.” A configuration of m+1 
circles produced in this manner, with the total weight 
W, will be called a “W configuration.” Circling the mini- 
mal off-diagonal element in each row results in a con- 
figuration whose weight is minimal. This weight will be 
denoted by Wo; larger weights will be denoted by Wi, 
We, +++ where Wixi=W,+1. 

The proposed minimization procedure is based on the 
fact that if all the Wo, Wi, We, - - - configurations are 
successively produced, then the first configuration en- 
countered which constitutes a proper set of vertices is 
also the proper set whose total weight is the minimum. 
The formation of all the W;, configurations can be car- 
ried out by the following recursive procedure (initially 
Rea): 

1) Test if the weight of any row in any of the W; con- 
figurations previously formed (j=0, 1, - - -, R—1) can 
be increased by W;,— W; by shifting the circle to another 
column. If so, perform the shifting and call the new con- 
figuration a W; configuration. If not, proceed to step 3). 

2) Test if any of the W; configurations constitutes a 
proper set of vertices. If so, this set, augmented with m 
diagonal vertices, corresponds to the desired minimal 
route. If not, proceed to step 3). 

3) Add 1 to k and return to step 1). 

The described procedure is certainly preferable to ex- 
haustive enumeration and examination of all possible 
routes, since the first proper set discovered by the pro- 
cedure is guaranteed to yield the minimal route. With 
straightforward enumeration, on the other hand, no 
route is guaranteed to be minimal until the enumeration 
is completed. 

As an example, Fig. 4 shows the W, configuration 
(Wo=25) for the schedule of Fig. 2. Wy configurations 
can be produced by increasing the weight of row 3, or 9, 
or 18 by 1. The last alternative results in a configuration 
which constitutes a proper set of vertices, as shown in 
Fig. 5. Fig. 6 presents the corresponding minimal route, 
from which the optimal sequence V-3-8-14-18-2-12-9-X 
can be deduced. From the timing schedule the length of 
the minimal route can be calculated to be 78 word-times. 
This route is seen to be a considerable improvement over 
a route such as N-2-8-9-18-14-12-3-X, whose length is 
198 word-times. 

The following bounds are useful for estimating the 
amount of improvement which is possible by the above 
minimization process. min is the length of the minimal 
route; ¢; is the minimal off-diagonal element in the 7th 
schedule row: 


D (tis +t) S Lmin S 2n(m + is 


These bounds can be strengthened by adding the re- 
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Fig. 4—The Wp» configuration for schedule of Fig. 2. 


Fig. 6—The minimal route for problem of Fig. 1. 


quirement that Zmin modulo m has to be equal to the 
number of word-times between NV and X (inclusively). 
For the example of Fig. 2 we have: 


(Rete Bx al 6 


The route of Fig. 6, then, is the minimal realizable for 
the specified set of t,;; and t;. 


CONCLUSIONS 


The ideas and techniques presented in the preceding 
tions are useful in improving the performance of 
tomatic program compilers. The proposed minimiza- 
n procedure can be easily programmed for computer 
ecution and serve as an accelerating routine in such 
ompilers. It should be pointed out that some past or 
‘ture serial machines may have a different set of con- 
iraints from the one assumed here; however, these 
ariations may only affect the rules governing the con- 
ruction of the timing schedule (such as listed in 
able I), but not the application of this schedule for 
yalyzing transfer schemes and minimizing them. 
The particular programming problem discussed in 
K paper is representative of a more general problem of 
timizing the transportation of passengers or merchan- 
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dise along a weighted route. This problem, known in the 
operations research literature as “the traveling sales- 
man problem,” has not yet been completely solved, al- 
though solutions are available for the special case (not 
applicable to our problem) of symmetric timing sched- 
ules.'* The algorithm described above is partly based 
on the semisystematic scheme described in Sasieni, 
Yaspan, and Friedman.2 Complete systematization is 
clearly essential if the scheme is to be useful for large 
timing schedules or if the scheme is to be incorporated in 
automatic program compilers, as proposed. 


1C. W. Churchman, R. L. Ackoff, and E. L. Arnoff, “Introduction 
to Operations Research,” John Wiley and Sons, Inc., New York, 
N. Y., pp. 470-472; 1957. 

2 M. Sasieni, A. Yaspan, and L. Friedman, “Operations Research- 
Methods and Problems,” John Wiley and Sons, Inc., New York, 
N. Y., pp. 264-267; 1959. 


The Design of Diode-Transistor NOR Circuits’ 


DALE P. MASHER} 


_ Summary—Considerations leading to the adoption of diode- 


-ansistor NOR circuitry for a moderately fast data-processing sys- 
-m are outlined. The design of the basic circuit is treated in detail. 
levelopment of a unique set of compatible logic packages from the 
asic circuit is described. This set is unique in the sense that a single 
ype of diode-transistor circuit is used to provide the great majority 
f logic and storage functions required in the system. This single 
ircuit type, which functions as a NOR circuit, is embodied in two 
ackage types. One package provides a single gate with a fan-in 
f five. The other package provides two gates, each with a fan-in 
f two. The latter type may be externally connected to provide a set- 
eset flip-flop. Only two other package types are used. The first is a 
assive transfer circuit which greatly simplifies shift register logic, 
nd the second is a delay package which is closely related to the basic 
[OR circuit. 


INTRODUCTION 


MPLEMENTATION of a special purpose data- 
lf processing system for the Air Force required the 
design of a compatible set of solid-state logic cir- 
uits. During the study phase of the project, a number of 
easible logic structures were considered for possible use 


* Manuscript received by the PGEC, May 18, 1959; revised 
1anuscript received, December 11, 1959. The work reported in this 
aper was performed under Contract AF 33(604)-17231 and under 
ibcontract to Hoffman Laboratories Division, Hoffman Radio 
orp., Los Angeles, Calif. ; 

+ Stanford Research Institute, Menlo Park, Calif. 


in the equipment. The structures considered included 
the following: 


1) Resistor transistor logic! (RTL) 
2) Direct-coupled transistor logic? 
several modifications thereof 
3) Complementary transistor logic’ 
4) Current-steered logic* 
5) Diode-transistor logic® 


(DET and 


In addition to the logic structure, it was necessary to 
decide whether dynamic or static logic was to be used, 
and whether, the circuitry would be synchronous or 
asynchronous. A decision was also required on a package 
design which would permit economical assembly and 
construction. 


1W. D. Rowe, “The transistor NOR circuit,” 1957 WESCON 
CONVENTION RECORD, pt. 4, pp. 231-245. 

2 R. H. Beter, W. E. Bradley, and R. B. Brown, “Surface barrier 
transistor switching circuits,” 1955 IRE CONVENTION RECORD, pt. 
4, pp. 139-145. 

3. R. H. Baker, “Boosting transistor switching speed,” Electronics, 
pp. 190-193; March 1, 1957. 

4H. S. Yourke, “Millimicrosecond transistor current switching 
circuits,” IRE TRANs. on Circuit THEORY, vol. CT-4, pp. 236-240; 
September, 1957. 

5 For a comparison of two types of DTL circuit see W. B. Cagle 
and W. H. Chen, “A new method of designing low level, high speed 
semiconductor logic circuits,” 1957 WESCON CoNnveENTION RECORD, 
Dir, e010 Se 
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As a starting point, quasi-synchronous,® static logic. 
was selected for the system. Two facts bear out this 
decision: 


1) The static system lends itself to step-by-step 
checkout of de levels not possible in the dynamic 
system, and 

2) Synchronous circuits are simpler than asynchro- 
nous in the sense that they do not require the 
generation of special end-of-operation signals to 
initiate a succeeding operation. 


SELECTION OF A LoGic STRUCTURE 


The speed at which the logic circuits were required to 
operate was relatively low (7.e., a 200-kc pulse rate was 
considered adequate). Therefore, logic schemes which 
use large numbers of transistors to achieve high speed 
of operation were rejected in order to minimize the total 
component count. Complementary transistor logic and 
current-steered logic fall in this class. Although DCTL 
systems are not noted for high speed, they require a 
single transistor for every logic input. In order to reduce 
the total transistor count, direct-coupled transistor 
logic was also rejected. For maximum circuit economy 
at the moderate speeds contemplated in these equip- 
ments, two types of logic structure proved outstanding. 
These structures were the RTL and DTL types. 


DIopE-TRANSISTOR LOGIC 


Diode-transistor structures received considerable at- 
tention, both in paper studies and breadboard tests. In 
those circuits where a diode gate precedes a common 
collector stage, the transistor never enters its saturated 
region. Therefore, operating speed is not limited by 
transistor saturation effects. However, a common col- 
lector circuit provides neither logical inversion nor 
voltage gain. Hence, additional circuits, such as squar- 
ing amplifiers, inverters, and flip-flops, are required in 
addition to the basic gate. These additional circuits 
complicate the reliability and replacement problem. Be- 
cause the transistor does not saturate, noise margins are 
lowered, and collector dissipation is seriously limited at 
high ambient temperatures. 

A logic structure wherein the diode gate precedes an 
inverter, or common emitter transistor, has much to 
recommend it. With this type of structure, one standard 
configuration can satisfy all the logic and storage re- 
quirements of the entire system. Because the transistor 
is either saturated or cut off, noise sensitivity and power 
dissipation are minimized. Although the transistor sat- 
urates, the speed degradation occasioned by transistor 
storage time is not significant at the modest speeds con- 
templated here. 


6 The term quasi-synchronous implies that a clock is present and 
used to synchronize the logic. Not every logic package is clocked. 
Rather, the clock is used to synchronize a group or block of packages. 
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RESISTOR- TRANSISTOR LOGIC 


Resistor-transistor logic, though simple and reliable 
in a component sense, is slower than diode-transistor 
logic. In common with the inverting type of DTL, one 
standard RTL configuration is sufficient for the syn- 
thesis of any conceivable logic or storage requirement. 
In fact, the problems attendant to diode gates preceding 
an inverter apply equally well to the RTL configuration. 
By substituting resistors for diodes, some measure of 
component reliability is achieved at the expense of 
storage time delay. This delay, in fact, is so large with 
commercially available alloy type transistors that 200- 
ke operation is doubtful. Some diffused base transistors 
are available with storage time delays compatible with 
200-ke or higher operation. Those which show satis- 
factory saturation resistance and current gain, however, 
are not yet competitive in price and availability with 
the diode, alloy transistor combination. Furthermore, 
the RTL structure does not really utilize the maximum 
frequency capabilities of the transistor employed. A 
transistor capable of one speed in the RTL configuration 
may be capable of speeds up to ten times as fast in 
optimized diode-transistor configurations. Finally, the 
comparative inferiority of the RTL structure at high 
temperatures (because of the temperature induced in- 
crease in stored base charge) further militates against 
its use in this specific application. On the basis of all 
these considerations, the diode-transistor structure 
which incorporates the transistor as an inverter was 
selected as the most suitable type for use in the final 
equipments. 


DESIGN OF THE Basic NOR Circuit 


Having indicated the reasoning involved in the selec- 
tion of the logic structure, it is appropriate to consider 
the factors bearing upon the design of the basic circuit 
and the selection of its individual components. The 
diode gate preceding the transistor inverter receives 
first attention. This gate may be either of two types—a 
positive AND gate or a positive OR gate. Use of the 
latter type, as shown in Fig. 1(a), offers some advantage. 

In order to demonstrate the advantage of the OR 
gate, it is necessary to consider the action of the RC 
coupling network which appears in the base circuit of 
Q;. The resistor R; is employed to limit base current and 
hence limit the depth of transistor saturation. The 
capacitor C; across R; improves the transient perform- 
ance at the output. This capacitor supplies transient 
overdrive when the transistor is turning ON, and stores 
sufficient charge during the ON period to cancel the 
charge stored within the saturated transistor. This 
charge cancellation is possible because any input at 
ground potential allows the capacitor to discharge 
through a forward biased diode, the grounded input, and 
the base emitter circuit of Q:. Had a positive AND gate 
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Fig. 1—(a) The basic NOR circuit and (b) its logic symbol. 


been used, charge cancellation by means of a speed-up 
‘capacitor would be ineffective, since a capacitor in the 
position shown in Fig. 1(a) would be unable to dis- 
charge through diodes connected in the reverse of those 
shown. The positive AND structure would also permit 
an undesirable variation in the degree of transistor sat- 
uration, the depth of saturation depending directly upon 
the number of inputs which are negative and supplying 
base current. Correspondingly larger hole storage effects 
would be observed under these conditions. For these 
reasons, the positive OR gate was selected to precede 
the inverter. With this type of input, the basic circuit 
is conveniently described as a NOR circuit. That is, the 
output is the negated OR function of the inputs. The 
circuit, or gate, should not be viewed as a pulse source, 
but as a current sink. The output is either a high im- 
pedance to ground, or a low impedance to ground. The 
low-impedance state is defined as the ONE state. Thus 
a ONE on any or all inputs results in a ZERO or high- 
impedance output. 

Supply voltages were selected rather arbitrarily, the 
choice being restricted by the permissible voltage range 
of the transistor used. Voltage levels of +6 and —6 
were chosen because they are convenient values which 
permit low power dissipation within the transistor and 
provide adequate signal levels. The positive supply is 
used principally to supply reverse bias to the transistor 
through the resistor Rg. This reverse bias reduces the 
leakage current in an OFF transistor to an absolute 
minimum, and thereby reduces the OFF state power 
dissipation to a corresponding minimum. 

The remainder of the design procedure consists of 
determining values and tolerances for the components 
R,z, Rx, Cx, and Rg, and of establishing a separate spec- 
ification for the diode and transistor. The problem is 
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considerably simplified by setting some boundaries 
within which to work. Experience has shown that a fan- 
in and fan-out ratio of five will usually provide directly 
for more than 80 per cent of a given system’s requisite 
logic functions. Accordingly, we will attempt to choose 
the remaining parameters such that a fan-in and fan- 
out of five are achieved. With this fan-out, the maxi- 
mum current carried by any one transistor will be 


SVeo 


ee ora 1 
RB (1) 


One of the limiting factors on the operating speed of 
the final circuit will be the rate at which system and 
stray capacitances can be charged and discharged. On 
this basis, it is desirable to make R, as small as possible. 
In order to stay well within the current limitations of 
the transistor, however, Rr; must be maintained at a 
reasonable value. In this case, a value of 1.21K was 
selected, permitting the maximum collector current for 
5 loads to be 25 ma, a value equal to half the manufac- 
turer's maximum rating for the selected transistor. 

The values selected for Rx and Rg determine the 
driving capabilities of the circuit. Two stable states 
must be considered—the OFF state and the ON state. 
The OFF state equivalent circuit is shown in Fig. 2. In 
this state the transistor is being held OFF by an input 
nominally at ground potential. The actual potential at 
the diode bus point is the sum of a diode forward volt- 
age and the driving transistor’s saturation voltage. 


Ico 
Vu be 


Rk 


Vp = DIODE FORWARD VOLTAGE 


Vg = TRANSISTOR SATURATION.’ 3 
VOLTAGE Veg =+6V 


Fig. 2—OFF-state equivalent circuit. 


This negative voltage must be counteracted by the posi- 
tive voltage supplied from Vgg through Rg. For the 
transistor to be OFF, the base voltage Vy, must be 
greater than or equal to zero. When this requirement is 
expressed in terms of the parameters shown in Fig. 2, 
we obtain the following inequality: 


Vep = VotVs 
Rene Ee 


+ Teco +Txo. (2) 


The underlines and overlines are discussed below. 
Fortunately, the right-hand side of the inequality 
contains factors which partially compensate for one an- 
other under changes of ambient temperature. The diode 
forward voltage decreases roughly at the rate of 2 mv 
per degree C, whereas the collector and emitter leakage 
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currents will roughly double every 8°C. Thus one term 
decreases while the other term increases. Eq. 2, there- 
fore, in conjunction with the temperature behavior just 
noted, represents one constraint upon the selection of 
Rez and Rx. 

A second constraint is imposed by requirements of 
the ON state. The ON state equivalent circuit is shown 
in Fig. 3. In this state, the transistor is held ON by one 
or more inputs which are nominally open circuits. In 
actual fact, the leakage to each collector which con- 
nects to an input drains off some of the current which 
could be used for holding the transistor ON. In each 
case, these collectors could be driving other gate inputs 
as well. Where these other gates are diode-coupled, ad- 
ditional current may be drawn away from the ON 
transistor to supply the leakage current of the diodes. 


M = TOTAL NUMBER 
OF COLLECTORS 
TIED TO THE 
INPUTS 

N = TOTAL NUMBER 
OF OTHER IN- 
PUTS DRIVEN 
BY THOSE 
COLLECTORS. 

No® NUMBER OF 
OUTPUT LOADS.. 


V R V, a 
B Baccus 7, ae Rae eease as BB es Voc (Vo +V,) - Vu +Vp +Vg 
RL+R RL +R co DO Re | —.0 RL Re 


Fig. 3—ON-state equivalent circuit. 


If M is the total number of collectors tied to the inputs, 
and JN is the total number of diode inputs driven by 
those collectors, then MZco+NIpo represents the total 
negative leakage current at the diode bus point. In Fig. 
3 this current is represented as a current source feeding 
the diode bus. This representation is valid since the in- 
dividual leakage currents are relatively independent of 
the bus point voltage. Expressing the condition that 
the available base current times the minimum current 
gain of the transistor be greater than the load current, 
we arrive at the inequality 


V V 
ira at — (Meo + NTo0) Lee 
Ri+ Re Rr+R Rp 
Veo —(V V V V V 
> vo] = Wet Vis ee Vana V pre =]. G) 
RG Rx 


The right-hand side of (3), which represents the col- 
lector current of the ON transistor, consists of two 
terms. The first term is the negative current flowing 
from Vcc, and the second term is the positive current 
flowing from Vgzp. 

We wish to evaluate Rg and Rx such that the circuit 
is operable under an accumulation of worst possible 
- conditions. Although 1 per cent resistors are used 
throughout the NOR circuit, it is desirable to tolerate 
an end of life variation of +5 per cent. Similarly, we 
permit long-term power supply variations of +5 per 
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-cent. Eqs. (2) and (3) further point up the desirability of 


low diode forward voltage, low transistor saturation 
voltage and low leakage currents. The maximum per- 
missible values for these parameters are included in the 
transistor and diode specifications which appear in the 
appendix. In working with (2) and (3), the most detri- 
mental condition of each parameter is indicated by an 
underline or overline, designating whether the worst 
case for the parameter is its minimum or maximum 
limit respectively. Although no minimum value is speci- 
fied for either Vp or Vs, the minimum value for their 
sum is taken as 0.25 volt in the calculations. The 
minimum value for Vy is 0 volts. Note also that the 
worst case for (2) is at 55°C where the maximum value 
of Vp (with a temperature decrement of 2 millivolts per 
degree C) may be taken as 360 mv. 

Suppose that we arbitrarily select a relatively large 
value for Rx and compute the value of Rg from (2). 
For every change in Rx, we must make a corresponding 
change in Rg. From inspection of (3) we note that as we 
allow Rx to decrease below the point where five full 
loads can be driven, MIco+NIpo increases. This in- 
crease is desirable because it allows a larger fan-out of 
the input drivers. A decrease in Rx, however, allows 
more base current to flow, increases the depth of tran- 
sistor saturation, and requires a larger coupling capaci- 
tor to overcome hole storage effects. Where speed is to 
be compromised with fan-in and fan-out capabilities, 
as in this case, it is desirable to use the largest value of 
Rx compatible with driver fan-out requirements. Where 
maximum fan-in and fan-out capabilities are desired, 
the optimum values for Rx and Rg» are best determined 
with computer assistance. The value of Rx selected in 
this case, 7.e., 4.32K, provides for a maximum M+WN 
value of 22 collectors and diodes. (We have assumed 
that Ico=Ipo=40 microamperes.) This value has 
proved quite adequate in practical use of the NOR cir- 
cuits. 

Selection of a value for the coupling capacitor, Cx, is 
based entirely upon the hole storage clean-up require- 
ments of an ON transistor. Measurements on 2N393 
transistors indicated that the stored base charge could 
reasonably be held to 260 micro-microcoulombs at 55°C. 
The maximum value of stored base charge occurs at 
maximum base current, maximum collector current, 
and maximum ambient temperature. The maximum 
base current is given by 


Veo 
Ri + Rr 


Epon = 


Vap 
Mico Nin.) 
aeaare Lloo+ Ino) RE, (4) 


and the maximum collector current is given by 


Voo—(Vo+Vs) Vu+ (Vp + Vs) 
Ic max — a = = f (5) 
Ry Rr 


Therefore, under worst conditions, the minimum volt- 
age change impressed across Cx at the diode bus point 
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yhere the position of the underline or overline is de- 
ermined from (4) and (5). 

Since the external stored charge must balance the in- 
ernal stored charge, we may write 


ee V 
(CxVo) min 3 Os > = vk: (7) 
| Re 


yhere Os represents the maximum permissible value of 
tored base charge. The term (Vgs/Rz)T represents the 


ancellation of stored charge afforded by the reverse 
urrent from Vz during the transistion time 7. Taking 
MIco=NIpo=0, Vo+tVs=0.25", and T7=0.1 usec, we 
nay compute Cx as 55 puf. The nearest 5 per cent value 
f 56 uf is used in this case. 

The NOR gate was originally intended for a nominal 
epetition rate of 200 kc. Tests and calculations both 
verify that 1-mc operation is easily possible, but the 
uxiliary transfer and one-shot packages to be described 
yelow are not recommended for use above 500 kc. 


THE DuaL NOR PACKAGE 


In many instances a five-input gate is not required. 
\n inverter is one application which requires a single 
nput. A two-input AND function, which is needed 
juite frequently for gating operations, may be gener- 
ited quite simply if the inverted variables are avail- 
ible. For example, the function AB is obtained directly 
rom a NOR gate if A and B are applied at the inputs. 
many case, a two-input gate can materially reduce the 
1umber of unused diodes in the system. The dual gate 
tructure shown in Fig. 4 provides this facility, and at 
he same time increases the system packing density. 
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Fig. 4—(a) The dual NOR circuit—two per package—and 
(b) the dual NOR logic symbol. 
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THe NOR F.iipe-FLop 


Memory, or storage, is necessary to any complete 
logic scheme. A flip-flop can provide such memory and, 
in fact, lends itself nicely to the NOR type of circuitry. 
It is possible to connect the basic NOR circuit as a 
flip-flop in several ways. The most straightforward 
method is to interconnect the inputs and outputs of 
two NOR gates. In this way a dual NOR package could 
serve as a flip-flop with a single set and single reset in- 
put. This type of connection is sketched logically in 
Fig. 5. Although this type of flip-flop works quite well, 
it is not recommended as the best possible method of 
obtaining a flip-flop. A better method, which provides 
an additional set and reset input, is illustrated in the 
circuit diagram of Fig. 6(a). In this circuit the transis- 
tor collectors are not tied to input diodes, but are con- 
nected directly to the diode bus points. Quite fortu- 
nately it turns out that the internal diode to which 
each collector would ordinarily be connected is unnec- 
essary. This occurs because a transistor collector which 
is connected to a set diode is actually being driven to 
the ground state when a ground input is received on one 
of those diodes. Hence the diode isolation is not re- 
quired. Since the diode bus point is brought out on the 
NOR and dual NOR packages, a flip-flop can always 
be constructed as shown in Fig. 6(a). When a dual 
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Fig. 5—The dual NOR connected as a set-reset flip-flop. 
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Fig. 6—(a) The NOR flip-flop and (b) the logic symbol used 
when the dual NOR is so connected. 
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NOR is connected as a flip-flop, the logic symbol shown- 
in Fig. 6(b) is used. Separate transistor base leads are 
also brought out on this package, and indicated by the 
upper and lower vertical arrows in the logic symbol of 
Fig. 4(b). These inputs are used only in connection with 
the transfer package which is described below. 

It should be noted that the outputs of two or more 
NOR gates may be paralleled to provide the disjunc- 
tive sum of the output functions. In this way the stand- 
ard OR operation may be obtained by a simple solder 
joint. In connection with the flip-flop, the ability to 
parallel outputs provides an additional means of setting 
and resetting the flip-flop. Fig. 7 illustrates a method 
which may be useful in some cases. Rather than drive 
the set or reset terminals directly, the set and reset 
signals may be applied directly in parallel with the out- 
puts, as shown. 


TRANSFER PACKAGE 


A transfer package has been designed primarily to 
simplify the shift register logic problem. Logically speak- 
ing, such a package is unnecessary. Its value can only 
be judged in terms of the convenience and over-all 
economy which it provides. A schematic of the transfer 
circuit is shown in Fig. 8(a) and the corresponding logic 
symbol in Fig. 8(b). The inputs to this circuit are driven 
by the outputs of a flip-flop whose state is to be trans- 
ferred to another flip-flop. Fig. 9 illustrates such an ap- 
plication. Let us assume that the upper input to the 
transfer package is connected to a flip-flop which is in 
the ONE state. This implies that the upper input is at 
ground potential, and that the right-most of the two 
capacitors in the circuit is standing off a voltage ap- 
proximating 6 volts. The left-hand capacitor, however, 
will have only a small potential across it, since the lower 
input will be returned to the ZERO or negative voltage 
state of the sampled flip-flop. When a ground, or a 
normal ONE signal, is applied to the transfer input, the 
charge on the two capacitors is transferred to the output 
terminals. Since the right-hand capacitor is charged, a 
positive pulse appears at the upper output terminal. No 
pulse appears at the lower output since the left-hand 
capacitor contains practically no charge. If these out- 
puts are now connected to the appropriate base terminals 
of another flip-flop, that flip-flop will assume the state 
of the sampled flip-flop. The positive output pulse must, 
of course, be fed to the base of that transistor which is to 
be turned off. 

The diodes in this circuit serve two purposes. The 
left-hand diodes provide for a unidirectional flow of in- 
formation. The right-hand diodes isolate the flip-flop 
bases from the transfer circuitry, and provide an OR 
gate where two transfer packages drive the same flip- 
flop. The 680-ohm resistors in series with these diodes 
assist in preventing charge loss through the left-hand 
diodes during their reverse recovery time. The 4.75- 
kilohm resistors provide a recovery path for the capaci- 


IRE TRANSACTIONS ON ELECTRONIC COMPUTERS 


M arch’ 


Fig. 7—An alternative method of setting and reset- 
ting the flip-flop. 
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Fig. 8—(a) The transfer circuit and (b) the transfer logic symbol. 


TRANSFER SIGNAL 


Fig. 9—Use of the transfer package in a shift register. 


tors when the state of the sampled flip-flop is altered 
without the use of transfer circuits. The 1.62-kilohm re- 
sistors assure an input voltage from the driving flip-flop 
of at least 5.25 volts, and minimize the reverse transient 
effects resulting when the transfer input goes negative. 

It might be argued that the addition of one or twe 
diodes directly to a transistor base allows leakage cur- 
rents to flow which were not considered in the worst- 
case design of the NOR circuit. This leakage current 
however, is present only when a transfer package is 
driving a flip-flop. The particular connections used ir 
obtaining a flip-flop remove the diode-forward-voltage 
term from the OFF equation. The loss of this term from 
(2) more than offsets the leakage currents contributec 
by two worst-case diodes. 
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During the transfer process, the state of the driving 
-flop is not affected. When the state of the driving 
)-flop is changed, at least 1.5 wsec must be allowed 
or to the initiation of a transfer pulse in order to allow 
> capacitors within the transfer package to reach equi- 
rium. For the same reason, succeeding transfer opera- 
ms require removal of the transfer ground for at least 
) psec. 

There is one other application wherein the transfer 
ckage may be used to significant advantage. In this 
plication, the standard flip-flop is converted to a 


mplementing flip-flop. Fig. 10 illustrates this use of 
e transfer package. 


THE ONE-SHOT PACKAGE 


No logic system is complete without some means of 
taining delay. In the present system a monostable 
ultivibrator, or one-shot, was selected to provide the 
lay function. This type of circuit was selected in pref- 
ence to passive delay lines in order to avoid the mis- 
atch and attenuation problems characteristic of these 
les when the terminating impedances are switched 
er large ranges. In addition, much longer delays are 
yssible with one-shots than are readily achieved with 
‘lay lines. The circuit used is shown in Fig. 11(a) along 
th its logic symbol in Fig. 11(b). In one sense this 
‘cuit is no more than a modified NOR flip-flop. In any 
se, the operation of a one-shot is sufficiently well 
iderstood that only a summary of its performance will 
» given. The circuit is capacitively coupled, and ar- 
nged to trigger on positive-going waveforms. The out- 
it is normally at ground, and goes negative for a time 
‘pendent upon the value of the coupling capacitance 
r. Each package is built to provide a pulse duration of 
1e usec. Longer periods may be obtained by adding 220 
if of external capacitance for each additional usec re- 
lired. When the one-shot package is used to obtain a 
ecified delay, two packages are required. The first de- 
rmines the magnitude of the delay, and the second 
vhich triggers from the trailing edge of the first) deter- 
ines the output pulse width. 


TRANSIENT PERFORMANCE 


When dealing with transient performance, only three 
sic circuits need be considered. These are the NOR, 
e transfer, and the one-shot. In the case of the active 
rcuits, 7.e., the NOR and the one-shot, transition 
mes are always less than 0.1 usec. That is, the time 
ken for the output to change from the ZERO state to 
1e ONE state, or vice versa, is always less than 0.1 
sec. In addition to the transition time, there is a delay 
me resulting from the finite recovery capabilities of the 
iodes. All diodes in the NOR circuits are specified for 
maximum recovery time of 0.2 wsec. In the worst case, 
ierefore, a single stage of NOR logic will result in a 
ymbined delay and transition time of 0.3 usec. The ex- 
ected, or average, total for these times, however, will 
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COMPLEMENT SIGNAL 


Fig. 10—Use of the transfer package to complement a flip-flop. 


EXTERNAL CAPACITANCE 


A | 
— i 
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(b) 
Fig. 11—(a) The one-shot circuit and (b) the one-shot logic symbol. 


be 0.1 usec. In the case of the transfer package, a logic 
designer need only keep in mind that a 1.5-usec period 
is required for the circuit to recover following a transfer 
input pulse. With the one-shot circuit, no allowance 
need be made for diode recovery time. One must, how- 
ever, allow for recovery of the one-shot itself. This time 
is always less than one-fifth the output pulse width. 

Both the one-shot and transfer circuits are capaci- 
tively coupled. Hence, certain restrictions must be im- 
posed on the height, width, and rise time of the input 
pulse. In both cases, the input pulse must be 0.1 yu sec 
or greater in width, with a rise time of 0.1 usec or less. 
In order to prevent triggering on noise pulses,” the one- 
shot has been provided with a natural threshold such 
that it will not reliably trigger on pulses less than 4 volts 
in height. For similar reasons the transfer package re- 
quires an input pulse greater than 4.0 volts. Since all 
circuit transition times are less than 0.1 usec, and volt- 
age levels never deteriorate below the 4.7-volt level, 
proper inputs to the transfer and one-shot packages are 
virtually assured. 


7 The one-shot may be falsely triggered by large noise spikes on 
the minus 6 volt bus. Where a long lead from the power supply is re- 
quired, local filtering should be employed to eliminate power supply 
noise. 
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LOADING CONSIDERATIONS 


Problems attendant to loading any particular package 
have been simplified as much as possible. The load pre- 
sented by every input is standard with the exception of 
the transfer input on the transfer package. The load 
presented by this input is half the standard equivalent 
load. Therefore, a package which is capable of driving 
5 standard loads is capable of driving 10 transfer input 
loads. The other inputs on the transfer package are 
standard and represent standard loads. An effort has 
been made to summarize all of the static loading charac- 
teristics in a convenient pictorial form. This summary 
appears in Fig. 12 and should be self-explanatory. 

Transient loading during positive-going transition 
times, is, of course, always greater than static loading. 
During this period additional current is drawn by the 
driving collector in order to discharge coupling capaci- 
tors, and stray capacitance to ground. However, the 
same capacitors which provide hole storage clean-up in 
the NOR circuit also provide overdrive during the posi- 
tive-going output transient. If the static loading capa- 
bilities of the NOR circuit are not exceeded, sufficient 
overdrive is always available to permit each collector to 
drive 100 pyf of stray capacitance, in addition to cou- 
pling capacitance, without appreciably increasing the 
positive-going collector transition time. The negative- 
going transition may be slightly increased, due to the 
additional time required to charge the stray capacitance 
to ground, 


TEMPERATURE CHARACTERISTICS 


The temperature characteristics of the three basic cir- 
cuits cannot be discussed apart from considerations of 
loading. The loading capabilities of each package were 
determined on the basis of worst possible conditions. 
With respect to temperature, this meant +55°C. Ac- 
cordingly, maximum diode and transistor leakage cur- 
rents are specified at this temperature. Worst-case tem- 
perature specifications on diode forward voltage and 
collector saturation voltage, however, are not as clear- 
cut. Diode forward voltage decreases with temperature 
at a nearly linear rate. For germanium, this rate is about 
2.3 mv per degree C. Since diode forward voltage is 
specified at 25°C, some margin is obtained at the higher 
temperatures by computing the voltage decrement at 
only 2 mv per degree C. In the case of collector satura- 
tion voltage, two processes conflict in the determination 
of the rate and sign of the temperature variation. 
Theory predicts a linear increase in voltage due to a 
temperature increase alone. Increasing temperature, 
however, also affects the current gain of the transistor. 
Although the latter effect is small, it results in a log- 
arithmic change in saturation voltage. The actual sign 
of the temperature variation, therefore, is in doubt. 
Fortunately, the total change is itself small, and par- 
tially masked by voltage drops in the collector and 
emitter series body resistances. Because the resultant 
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LOADS REGARDLESS 

OF INPUT LOADING. 


Fig. 12—Summary of loading characteristics. 


change is almost negligible, collector saturation voltag 
is specified at 55°C where the greatest difficulty is en’ 
countered in meeting other performance standards. 

The stored base charge of a saturated transistor is 
another parameter which is quite sensitive to tempera: 
ture. Measurements have shown that the quantity o 
charge stored may increase by as much as 20 per cen 
as the temperature is raised from 25° to 55°C. Accord 
ingly, the transistor hole storage specification is als 
made at 55°C. 


PACKAGE DESIGN 


i 

No effort will be made here to justify the physica 

package design ultimately selected to house the indi- 

vidual circuits. It is sufficient to note that considerable 

effort was expended in that direction, and a suitable 

selection made. Photographs of the four individual plug: 
in elements are shown in Figs. 13-16. 


OPERATING EXPERIENCE 


Over a period of 11 months, approximately 3000 o 
the basic logic packages have been placed in operation 
In addition, over 400 special package types to handle 
input-output equipment, core and drum memories, etc 
have been used. Of the 3000 standard types, approxi 
mately 60 per cent are dual NORs, 18 per cent are singl. 
NORs, 12 per cent are transfer elements, and 10 pe 
cent are one-shot elements. During this time, ovei 
2,000,000 transistor hours have accumulated, all durins 
prototype construction and check-out. Component fail 
ures during this period ran as follows: 55 transisto 
failures, 5 diode failures, 3 resistor failures, and 1 con 
nector failure. The number of transistor failures may 
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FRONT ACK 
DUAL NOR LOGIC PLUG-IN ELEMENT 


Fig. 14—Front and back view of the dual NOR package. 


year excessive. However, the majority of these can 
attributed to “screwdriver” errors where the transis- 
“was mistreated during system check-out. The exact 
mber of transistors which failed without human inter- 
ition is unknown, but presumed to be of the order of 
wr 6. Similar remarks apply to the number of diode 
lures where human intervention is estimated to have 
luced perhaps 3 of the 5 failures. 


CONCLUSION 


\ unique set of compatible logic packages has been 
scribed. This set is unique in the sense that a single 
»e of diode-transistor circuit is used to provide the 
at majority of logic and storage functions required 
the system. 

=xperience has shown that this logic set is quite flexi- 
. In common with the direct-coupled transistor mode 
operation, it permits paralleling of transistor collec- 
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Fig. 15—Front and back view of the transfer package. 
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Fig. 16—Front and back view of the one-shot package. 


tors to provide the OR function. In addition, the present 
system of logic provides considerable economy over 
those types, such as DCTL, which use a transistor base 
for every logic input. Furthermore, the capacitive cou- 
pling employed permits the transistor to operate near 
its maximum capabilities. Although no effort was made 
to achieve high speed of operation in the present logic 
system, it is believed that the selection of higher speed 
diodes, in conjunction with a few minor circuit altera- 
tions, would enable the diode NOR circuits to operate 
with stage delays of 100 musec or less. 


APPENDIX 
DIODE AND TRANSISTOR SPECIFICATION 


Specifications are given for the logic diode and the 
microalloy transistor. Two types of diodes are employed, 
differing from one another only in their recovery time.® 


8 HD 2616 Diode has a 0.3 ysec recovery requirement. 
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Germanium Diode—HD 2615 


Forward V 

Reverse V 

Reverse J 

Reverse [ 

Recovery to 30 k from 5 ma fwd to 6" reverse 
Continuous de forward current 

Surge current for 1 second 

Average power dissipation 

Derating above 25°C 


Germanium Micro Alloy Transistor—T 1562 
Absolute Maximum Ratings: 


Storage temperature 

Junction temperature 

Collector voltage Voz 

Collector voltage Vor 

Collector current 

Total device dissipation at 55°C 

Lead temperature @ 1/16” +1/32” from case 


Electrical Characteristics: 


Collector cutoff current (I¢zo @ 8v) 
Emitter cutoff current (Jzz0 @ 2v) 
On condition ([=25 ma, J=0.625 ma) Vcz 


Extrinsic base resistance collector capacitance product, 15’C, 


Maximum frequency of oscillation 
Output capacitance, Co 
Hole storage 


rica 


4.5v 


HP 212A 


<420 mv @ +25°C and 5 ma 

> 30v 

<40 wa @ +55°C and 6v 

<10 wa @ +25°C and 10v 

<0.2 psec 

100 ma Maximum Rating at +25°C 
500 ma Maximum Rating at +25°C 
80 mw Maximum Rating at +25°C 
10 mw/10°C 3 


85°C , 
85°C | 
10v | 
8v 

50 ma 

25 mw 

230+5°C for 10 seconds 


<40 wa @ 55°C 
20 a @ Soe 
<0.200v @ 55°C 
<750 psec 

>40 mc 

<6 ppt 

Fig. 17 


STORAGE + FALL TIME 
S 0.1 psec @55°C 
STORED CHARGE 

S 260 pyc 


Fig. 17—Hole storage specification. 
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| Summary—Logical circuits using Esaki diodes, and which are 
ed on a principle similar to parametron (subharmonic oscillator 
ent) circuits, are described. Two diodes are used in series to 
im a basic element called a twin, and a binary digit is represented 
the polarity of the potential induced at the middle point of the 
in, which is controlled by the majority of input signals applied to 
> middle point. Unilateral transmission of information in circuits 
nsisting of cascaded twins is achieved by dividing the twins into 
ree groups and by energizing each group one after another in a 
slic manner. 

Experimental results with the clock frequency as high as 30 mc 
; reported. Also, a delay-line dynamic memory and a nondestruc- 
e memory in matrix form are discussed. 

| 


INTRODUCTION 


T NSAKI DIODES, which are also known as tunnel 
| diodes, are highly suitable elements for logical 
: circuits in view of their extremely high frequency 
mit, compactness, high stability, and low power con- 
mption. Moreover, the cost can be expected to be very 
w for mass production quantities in the near future. 
An Esaki diode is a two-terminal negative resistance 
ement which is essentially bilateral. Therefore, unlike 
dinary transistor switching circuits, Esaki diode cir- 
lits require that some special method be incorporated 
obtain a unilateral characteristic for the transmission 
id amplification of digital signals. This situation is 
ymmpletely analogous to that which has been en- 
yuntered in the case of the parametron. 

To illustrate the application of Esaki diodes to logical 
rcuits, a system closely related to the logical prin- 
ples of parametrons will be discussed in this paper. 
his system of circuitry for Esaki diodes, based on a 
‘oposal by E. Goto, has been developed at the Uni- 
srsity of Tokyo with the cooperation of the Takahasi 
aboratory of the Physics Department, the Amemiya 
aboratory of the Applied Physics Department, and the 
[oto-oka Laboratory of the Electrical Engineering De- 
urtment. An experimental model whose clock fre- 
1ency is as high as 30 mc has been successfully built. 


THE BAsic PRINCIPLE 


A typical voltage-current characteristic of an Esaki 
ode is illustrated in Fig. 1. It clearly shows the nega- 
ve resistance region between A and B which is the 
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Fig. 1—A typical characteristic of a silicon Esaki diode. 
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Fig. 2—Basic circuit named “twin.” 


Fig. 3—Response curves of a twin. 
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characteristic feature of Esaki diodes. Two Esaki diodes 
which have almost the same characteristic are con- 
nected in series to form the basic circuit shown in Fig. 2, 
which will be called a “twin circuit” or more simply a 
“twin.” Symmetric exciting voltages EZ, and E_ of equal 
magnitude and of opposite polarity are applied be- 
tween a and c. Depending on the magnitude of these ex- 
citing voltages, the twin shows three different kinds of 
response. When the voltages are small, the operating 
point of each diode, as illustrated by the two curves 
shown in Fig. 3(a), lies between O and A on the char- 
acteristic curve of Fig. 1. Hence, the potential at the 
middle point 6 is zero. Similarly, when the voltages are 
very large, the operating point of each diode of the twin 
circuit lies between B and C of the characteristic curve 
(Fig. 1) and the potential of the middle point 0 is also 
zero as shown in Fig. 3(c). When the voltages are 
chosen so that the operating points of both of the diodes 
of the twin lie between A and B as shown in Fig. 3(b), 
there are three possible operating points, So, S;, and S_. 
The operating point So corresponds to zero potential 
at the middle point 6, and it is unstable because both 
diodes are in the negative resistance region. Hence, the 
operating point of the twin diodes will go to either one 
of the two stable points, namely, S; or S_, which indi- 
cates two possible potentials e, and e_ at the middle 
point 6 of the twin. These two potentials e, and e 
have equal magnitude but opposite polarity. A binary 
digit can be represented by these two potentials ina twin 
circuit. 

When the exciting voltages are switched from a small 
value corresponding to the case shown in Fig. 3(a) to a 
value corresponding to the case in Fig. 3(b), the state 
So having zero potential at the middle point of the twin 
will become unstable. The potential must flip to either 
of the two stable values e; or e_ [Fig. 3(b)], and these 
two should be equally probable for a twin consisting of 
well matched diodes. Under these circumstances, a very 
small signal applied at the middle point 6 will be suffi- 
cient to control the choice between the two possible 
states mentioned above. When the square waves shown 
in Fig. 4(a) are impressed on the twin as exciting volt- 
ages E, and E_ together with a small control signal 
+E,, the two permissible voltages e, and e_ will build 
up as shown in Fig. 4(b). This process may be regarded 
as the amplification of the small input signals + E,. 

Intercoupling the middle points of the twins with 
each other by means of coupling resistors, logical opera- 
tions and the transmission of information will be per- 
formed in just the same manner as has been done in 
parametron (subharmonic oscillator) circuits. Unilateral 
transmission of information will be accomplished by 
dividing the twins into three groups, I, II, and III, and 
exciting each group with one of the exciting signals, 
y+, Ens, and Eyr1+, which are switched on and off one 
after another in a cyclic manner as shown in Fig. 5. The 
direction of information flow will be from group I to II, 
Pi towhivand lid tol 


Fig. 4—Switching waveform of a twin. 


Fig. 5—The three phase exciting voltages. 


Majority operations can be performed by a circuit 
shown in Fig. 6(a). The output of three twins X, Y, anc 
Z in group I is applied to a twin U as its input signal. A: 
the algebraic sum of the three signals from twins X, Y 
and Z gives us the effective input of U, the state of U 
which represents a binary digit w, is determined by the 
majority of the three binary digits x, y, and z, repre. 
sented respectively by the polarity of the potentials o 
the middle points of twins X, Y, and Z. 

Hereafter, in order to simplify-the schematic circuit 
diagrams, we shall use the same conventions as thos¢ 
used for parametron circuits; that is, each twin will be 
represented by a small circle. Each pair of circles will be 
connected by a line when corresponding twins are 
coupled, one line being used per unit coupling intensity 
In each circle representing a twin, the input coupling 
lines will come into the left side of the circle and the 
output will go out from the right side of the circle. In 
stead of showing the existing voltages explicitly, Romar 
numerals I, II and III will be written above the circle: 
to indicate the kind of exciting voltages (cf. Fig. 5 
being used. 

AND and OR operations can be regarded as specia 
cases of the majority operation with a constant bias. A 
symbol + will be inscribed in the circle representing < 
twin to indicate a constant input of unit intensity cor. 


| (b) 

Fig. 6—The majority logic. 

sponding to a binary digit “1,” and a symbol — will 
» inscribed to indicate a constant input of unit in- 
nsity corresponding to a binary digit “0.” According- 
gly, a circle with + having two input lines represents 
1 OR circuit and a circle with —, an AND circuit. Us- 
g these conventions the schematic diagram of the cir- 
ut of Fig. 6(a) is shown in Fig. 6(b). 

Negation or the NOT operation is another basic op- 
ation indespensable for general purpose logical cir- 
its. In the Esaki diode twin circuits, however, we 
all encounter some difficulties in making a NOT cir- 
ut. A NOT circuit changes a binary digit “1” into 
” and “0” into “1,” and this means the reversal of 
jlarity of dc signals in the Esaki diode twin circuits. 
| parametron circuits, since the signals are pure al- 
rnating currents, the reversal of the polarity is made 
mply by means of phase reversing transformers. In 
yin circuitry, since the signals are direct currents, obvi- 
isly, transformers cannot be used for the reversal of 
eir polarity. Of course, vacuum tube or transistor 
nplifiers can be used for reversing the polarity. These 
nplifiers, however, will cause serious signal delay, 
hich makes these amplifiers unfavorable for ex- 
emely high speed operation. 

In the twin or Esaki diode circuitry, it is possible to 
ake the NOT operation without a delay by employing 
rather elaborate system which may be termed the 
mmetric or push-pull system. In this system, a pair 
two twins are used in a push-pull manner so that when 
\e twin in a pair is holding a certain binary variable x, 
e other twin in the pair holds the complement «. For 
ample, the logical circuit shown in Fig. 7(a) is a cir- 
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— INDICATES NEGATION 


a i 
(a) 


(b) 


Fig. 7—(a) A majority operation with negation. 
(b) Negation in symmetric circuitry. 


cuit for making the majority uw of three variables x, y, 
and (not zg), and for transmitting u to the next stage v. 
This logical operation will be carried out by the circuit 
shown in Fig. 7(b), in which the pairs of twins represent- 
ing binary variables x, y, z, u, and v are denoted by Tx, 
fixe Ie, Ivers Tz, IP GEE Ii Ty* and live Ty*. It can be 
seen from the figure that by setting up the symmetric 
configuration once at the input, the entire circuitry of a 
machine can be constructed in the push-pull configura- 
tion. Calling the twin in a pair with no asterisk the front 
(push) twin, and the other (with asterisk) the back 
(pull) twin, a coupling line without negation in the logi- 
cal diagram [Fig. 7(a)] may be interpreted to require 
coupling between corresponding front twins and be- 
tween corresponding back twins. A coupling line with 
negation may be interpreted as the cross coupling be- 
tween the corresponding front twins and the opposite 
back twins. 

The increase of number of elements is obviously a dis- 
advantage of this symmetric system. On the other hand, 
besides the speeding up of negation, there are two other 
interesting advantages of the symmetric system. One is 
its single significant error detecting property. An 
erroneous operation in either 7z or 7z* in Fig. 7(b) 
will be called significant if x=) and #=y hold. The 
presence of an error in this case will be detected by the 
fact that v=@ at the twins 7y and 7y* in the last stage. 
On the other hand, if x=y and #=4, the final result will 
bev=x=y and i=£=¥7 independently of z and 2. Hence, 
an erroneous operation of twins 77 and 7z* will not have 
any significance in the result of the computation. Sup- 
pose we have a large scale computer made entirely of 
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this symmetric scheme. Then, an erroneous operation of 
a twin in the accumulator will be significant if it oc- 
curred just before printing out of the accumulator con- 
tent, and it will not be significant if it occurred just be- 
fore the content is reset to zero. Therefore, it will be 
possible to detect significant errors by providing a rela- 
tively small number of comparators at the output stage 
of a large scale computer. 

The other advantage is that the signal currents will 
be balanced perfectly in the symmetric system as shown 
in Fig. 7(b). In very high speed computers, spurious sig- 
nals induced by common ground currents would be a 
very serious problem. By placing the twins in each pair 
closely together in the symmetric system, the ground 
currents will be balanced out, and the undesirable ef- 
fects of ground currents can be completely eliminated. 


EXPERIMENTAL RESULTS 


An experimental model of a binary counter using the 
symmetric system has been successfully built. The logi- 
cal diagram of the circuit is shown in Fig. 8(a), and the 
complete circuit in Fig. 8(b). In Fig. 8(a), 1, 2, and 3 
form a flip-flop circuit to absorb the undesirable effects 
of chattering in the input switch. 4, 5, and 6 form a so- 
called digital differential circuit and a single pulse is 
obtained at 6 each time the state of the flip-flop changes 
from “0” to “1.” 7, 8, 9, and 10 form a binary counter. 
Therefore, each time the input switch is switched from 
— to + the binary counter changes its state. 

In Fig. 8(b), the input is connected to an asymmetric 
circuit and it is connected into a symmetric form be- 
tween 1 and 2* and between 4 and 5* by NOT circuits. 
For the NOT circuit, both transistor amplifiers and 
transformer circuit shown in Fig. 9 were tested and both 
operated successfully. In Fig. 9, as the input to the twin 
in group II is only one, the transformer without dc 
restration can be used for negation. However, in this 
case the negation is accompanied by one stage of delay. 

The equivalent circuit of an Esaki diode is shown in 
Fig. 10. The resistance with an arrow represents the dc 
characteristic shown in Fig. 1; C is the parallel capaci- 
tance, and R, is the series resistance. The maximum 
switching speed will be determined by the time constant 
t=C|—r|, where | —7| is the minimum of the absolute 
magnitude of the negative resistance. 

Using silicon Esaki diodes made by the Sony Corpora- 
tion, Tokyo, of which the specifications are Imax =3 ma, 
| —r| = 100 ohm, C=400 pf, 7 =4.10-8 second, and using 
coupling resistors of 2000 ohm, the binary counter cir- 
cuit of Fig. 8(b) has been operated at 1 mc. Similarly, 
using germanium Esaki diodes (made by the Sony Cor- 
poration) of which the specifications are Imax=3 ma, 
| —r| =10 ohm, C=40 pf, 7 =4.10-!° second, and using 
coupling resistors of 500 ohms, the same counter circuit 
has been operated successfully at the clock frequency of 
30 mc. The frequency was limited to 30 mc because of 
the characteristic of the oscilloscopes presently available 
at the University of Tokyo. By comparing the time con- 
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Fig. 8—(a) A binary counter with logical input. s indicate, 
asymmetric circuits. d indicates symmetric circuits. (b) Full circui 
diagram of Fig. 8(a). j 


“iy 


Fig. 9—NOT circuit by transformer. 


Fig. 10—Equivalent circuit of Esaki diode. 


stants r of both diodes, it seems possible to obtain < 
clock frequency as high as 100 mc with the presen 
germanium Esaki diodes. 

In these experiments the value of the coupling re 
sistances have been determined so as to ensure a logica 
gain (the maximum number of inputs+outputs) of 10 
From these experiments one may observe the fac 
that the relation between clock frequency f of the twit 
circuitry and the time constant should be given approxi 
mately by f:-7e¥8 to 25. This fact implies that th 
future development of better Esaki diodes having tim 
constants of less than 4-10-! second would result in ; 
billion bit rate (1000-mc clock) machine. 

Exciting power supply circuits used in the experi 
ments are shown in Fig. 11. Instead of the square wave 
shown in Fig. 5, a superposition of dc biasing voltage 
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Fig. 11—Exciting voltage supply circuit 


id pure sinusoidal voltages is used. The resistor p(20 
ums) is used for reducing the source impedance, and 
ost of the source power (about 1 mw per twin circuit) 
consumed by this resistor. 

| One of the important facts in the Esaki diode twin cir- 
uitry is the balance between the diodes. The maximum 
uin and stability depends critically on the balance. It 
found that balancing Imax of the diodes is most criti- 
ul. In our experiment, Jmax in a twin was matched 
ithin +3 per cent tolerance to insure the operation of 
1e counter [Fig. 8(b)] consisting of seventeen twins. 
he dependence of the balance on the parameters of 
iodes has been investigated by using the parametron 
igital computer (PC-1) which simulates the Esaki 
iode circuitry. The results will be published in the 
ear future. 


MEMORY CIRCUITS 


Two kinds of memory devices using Esaki diodes 
ave been tested. The one is a serial delay-line memory 
roposed by E. Goto. The circuitry of this memory is 
10wn in Fig. 12. A coaxial delay line cable with an open 
flecting end is connected to the middle point of a 
vin. The state of the twin is controlled by the reflected 
gnals, and a circulating dynamic memory circuit is 
armed. A 16-bit memory circuit at a 30-mce clock fre- 
uency using standard coaxial cables (75-ohm im- 
edance, 5-mm diameter, and polyethylene filled) has 
een operated successfully. This delay line memory 
ill be suitable for serial type computers. 

The other is a nondestructive readout matrix array 
f diode twins proposed by K. Murata. Fig. 13 shows 
1e basic circuit for each binary digit which is inserted 
t the cross point of an X- Y matrix array. In the normal 
cate, dc holding signals (of value corresponding to Fig. 
(b)) are applied to 4, and A_. The nondestructive 
2adout is made by varying the voltage of one of the X 
nes A, and A_ and by sensing the polarity of varia- 
ion of the current in the Y line or lines. A double coin- 
idence writing is effected by varying the voltage of A+ 
nd A_ of an X line to facilitate the change of the state 
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Fig. 13—A twin diode memory cell. 


and by applying a writing voltage to a Y line. The re- 
sults of tests made on a single basic unit are very promis- 
ing. However, the number of Esaki diodes available at 
the present has been insufficient to build a full scale ex- 
perimental matrix. 
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Magnetic Analogs of Relay Contact _ | 
Networks for Logic* ) 


D. B. ARMSTRONG}, T. H. CROWLEY}, U. F. GIANOLA}, anp E. E. NEWHALLT 


Summary—Two techniques are described for designing multi- 
apertured magnetic structures capable of realizing any specific logic 
function. The structures are made from rectangular hysteresis loop 
material. The designs are derived from the corresponding relay con- 
tact network by replacing each current carrying conductor in the re- 
lay circuit with its analog in the magnetic circuit, a flux-carrying con- 
ductor, replacing the emf with a pulsed mmf; and replacing each back 
contact with a saturable portion of the magnetic circuit in the topo- 
logical equivalent of the contact network. A flux reversal through a 
saturated portion may then be blocked by means of an inhibiting cur- 
rent applied to a suitable winding, the current representing a logical 
input variable. Thus flux may be “steered” through the magnetic 
circuit in a manner analogous to the steering of current through the 
contact network. For planar structures the first technique may be 
used to obtain the analog of series-parallel and bridge type circuits; 
the second technique is suitable only for the analogs of series- 
parallel circuits. It is pointed out that the analog of a relay tree 
can be used as a standard structure suitable for realizing any Boo- 
lean function. Representative examples of both designs are shown, 
and experimental data are given. 


I. INTRODUCTION 


During the past several years a number of multi- 
aperture magnetic devices made from rectangular hys- 
teresis loop material have been developed for use as logic 
elements.1-4 These devices have attractive features, 
such as low cost and low power requirements, and sug- 
gest the likelihood that other magnetic structures might 
be even better in some applications. In this paper we 
consider two related, but different, techniques for ar- 
riving at magnetic structures capable of realizing spe- 
cific logic functions. In addition, it is pointed out that 
these techniques can be used to obtain standard struc- 
tures which will realize any logical function (with the 
size of the structure imposing limitations as to the maxi- 
mum number of variables, of course). 

Both of the techniques to be described here start by 
considering a planar contact network which realizes the 
desired logical function. More or less straightforward 
rules can then be given for obtaining the magnetic 
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analog of this circuit. Thus, it is possible to apply’ 
well-known techniques developed for relay contact net- 
works in order to obtain certain advantages in the mag~ 
netic analog, e.g., a reduction in the number of wind- 
ings required. After a brief discussion of each method, a! 
short comparison is made of the devices obtained in this 
manner with one another and with the equivalent laddic 


circuitry. 
II. First METHOD 


The first method of realizing relay-like logic with: 
magnetic circuits follows upon recognizing that the de- 
vice of Fig. 1(a) is the magnetic analog of a relay back’ 
contact, shown in Fig. 1(b). The shaded region in Fig.' 
1(a) is square loop ferrite material, consisting of series’ 
arms A, A’, and the magnetic loop structure BB’. The 
cross-sectional areas of arms A, A’ and the side-arms of 
BB’ are equal. Loop BB’ carries a reset winding and a 
variable or “hold” winding as shown. 


| 
| 
| 
| 


N 
ris 4 
VARIABLE O—p + ~~~B OR B 

WINDING gy 

| 

Xx 

VARIABLE RESET 
WINDINGS 
(a) (b) 


Fig. 1—A relay back contact and its magnetic circuit analog. 


A current pulse, applied to the reset winding sets up a 
saturated flux loop in the direction of the arrows shown 
in Fig. 1(a). In order to satisfy the condition of flux 
continuity the arms A, A’ will be magnetically neutral 
following reset. If an external magnetomotive force is 
now applied to AA’, a flux reversal will take place either 
through AB’A’ or A’BA depending on the polarity of 
the applied mmf. However, if at the same time a hold 
current representing a variable x is applied to the varia- 
ble winding to maintain flux saturation in loop BB’, the 
flux reversal is inhibited. 

Note that flux can be switched, when not inhibited by 
a hold current, no matter whether the external mmf acts 
from A towards A’, or from A’ towards A, since the flux 
in side arm B can be reversed in one direction, and the 
flux in side arm B’ in the opposite direction. Thus, the 
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ructure is bilateral, as must be the case if it is to bea 
rue analog of the relay circuit shown in Fig. 1(b). 

The analogy to operation of a relay back contact is 

ident. In the latter, a current representing the varia- 
le x energizes the relay coil [Fig. 1(b)] and opens con- 

ct B, thus preventing an external source from driving 
urrent through the series path 4 BA’ in either direction. 
It will now be apparent that a magnetic circuit can be 
uilt which is the direct analog of any planar relay cir- 
uit employing back contacts; one merely substitutes a 
aturable magnetic loop BB’ for every back contact and 
| | magnetic series arm for every conductor in the relay 
ircuit. If sources are available for each variable and its 
legation, then the analog of any planar circuit can be 
btained. If sources are available only for each variable 
or for the negation of each variable), the analog of 
he so-called “frontal” function’ can be obtained. In 
ddition, it is now a simple matter to design the mag- 
etic analog of any bridge circuit. Since bridge circuits 
requently realize a given logical function with less con- 
acts than does a series-parallel circuit, use of this tech- 
ique may result in fewer variable windings than can be 
btained using magnetic structures which realize series- 
varallel circuits, e.g., laddics. 
Usually the variable and reset windings in Fig. 1(a) 
an be simplified, because in all branches of series-paral- 
2] networks, and in most of the branches of bridge net- 
vorks, unidirectional conduction only is required. In 
hese cases the two windings need not. link both side- 
rms. For example, if the external magnetomotive force 
3 applied in the direction A to A’ in Fig. 1(a), the 
ariable and reset windings need link only the lower side- 
rm, B’ of the loop. 

To put the above principle to test, the magnetic 
quivalent of the common bridge circuit, shown in Fig. 
(a), was fabricated and tested. The geometry of the 
nagnetic bridge might be as illustrated in Fig. 2(b). The 
eset winding is not shown, but would consist of a single 
finding, linking all five magnetic loops in series. The 
ariable, drive, and output windings are indicated, as 
rell as the reset flux pattern. 

The operation of this circuit is as follows: A clock 
rive D attempts to switch flux in branch 1 in the direc- 
ion indicated. If all paths through the bridge are 
locked, then the drive will switch flux clockwise around 
he outer path consisting of branches 1 and 2. However, 
a path is available through the network the drive will 
witch flux through it, and not through branch 2, if the 
utter is appreciably longer than the longest path 
hrough the bridge. This by-pass principle is the same 
s used in laddics.* 

It is evident that winding f. yields the “hindrance” 
inction of the bridge network, while f, yields its com- 
lement, the “transmission” function. Specifically, 


fa = X1%2 + Ha%q + XM eX3 TP Lapa. 


5 E. N. Gilbert, “Lattice theoretic properties of frontal switching 
inctions,” J. Math. and Phys., vol. 33, pp. 57-67; April, 1954. 
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Fig. 2—A relay bridge circuit and its magnetic analog. 


It is seen from Fig. 2(b) that only 5 variable windings 
are required to realize the above function. 
The function can also be written in the form 


Sa = (x2 3 aKa 5) (41 Sey Se 25) (a2 ae x3) (44 + Xa). 


The laddic circuit for realizing this function is shown 
in Fig. 3(b). A detailed explanation of the operation of 
circuits similar to this can be found in the article by 
Gianola and Crowley.! For convenience, we include the 
following brief explanation. A reset winding, not shown 
on the figure, establishes a flux pattern which consists of 
loops saturated (in a clockwise direction) in legs 1-2, 
3-4, 5-6, 7-8, and 9-10. A clock pulse applied to the 
winding on rung 1 attempts to switch flux in a counter- 
clockwise direction. This flux will switch through rung 
2, thus inducing no voltage in the output winding, un- 
less there is a pulse at the same time in the winding cor- 
responding to X2 or X4 or X5. If at least one of these 
pulses is present, the flux will return through rungs 4, 
6, 8, or 10. The flux cannot return through the odd- 
numbered rungs since they are already saturated in the 
upward direction. In order to prevent flux switching 
through rung 4, Xi, X3, or Xs must be present. Similar 
statements are true for rungs 6 and 8. Flux is switched 
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Fig. 3—(a) Geometry of the bridge circuit fabricated for 
test purposes. (b) Laddic equivalent of bridge circuit. 


through rung 10, thus giving an output pulse, if and 
only if the variables are such that the function f, is equal 
to one. 

Since the laddic circuit requires 10 windings, the 
bridge circuit is seen to require 5 less windings. 

In fabricating the bridge circuit of Fig. 2, the geome- 
try was modified in order to minimize the length of the 
connecting arms between magnetic loops. Fig. 3 shows 
the geometry actually employed and also the variable, 
drive, and output windings, and the reset flux pattern. 
The reset winding is again omitted. The reader may ob- 
serve that the bridge topology in Fig. 3 is not exactly 
the same as in Fig. 2(b). However, the operation of the 
circuit is not affected, the modified topology being de- 
rived by combining common flux paths where possible 
to reduce the overall size of the structure. Furthermore, 
an additional rung has been added to provide a closed 
flux return for the output rung when reset. This is not 
essential but helps to improve the signal-to-noise ratio. 
The dimensions of the experimental structure are shown 
to scale in Fig. 3. 

Photographs of the output voltage waveforms ob- 
tained from winding f, for inputs that satisfy the bridge 
function are shown in Fig. 4(a). Typical noise outputs 
that are obtained when the inputs do not satisfy the 


(b) 


Fig. 4—Signal and noise outputs for the structure shown in Fig. 3(a). 
(Time scale=0.5 us/division. Voltage scale=.05 volt/division.) 


bridge function appear in Fig. 4(b). The inequality of 
output amplitudes in Fig. 4(a) are thought to be caused | 
by inhomogeneities in the magnetic material. 


Ill. S—Econp METHOD 


In the second procedure the electrical paths of the re- 
lay structure are considered to be replaced by flux 
paths, having cross sections apportioned so that a reset 
pulse will saturate the entire structure. The manner of 
application of the windings, representing the variables, 
is determined by reference to the relay structure. As be- 
fore, a current in a variable winding will inhibit flux 
switching through a particular part of the structure. 
The technique will be illustrated by use of the following 
simple example. 

Consider the simple relay structure shown in Fig. 5(a), 
and consider the consequences of the following proce- 
dure: Use Fig. 5(a) to establish the general topology of 
the corresponding magnetic structure as indicated in 
Fig. 5(b). Next apportion the cross sections suitably, 
and place a drive and a reset winding on the common 
return path as shown in Fig. 6(a). It remains to apply 
the windings to carry the variables. 

To appreciate the manner of application of the wind- 
ings, consider the proposed method of operation. First 
the reset current will be applied so as to establish the 
flux pattern shown in Fig. 6(a). In a sense the structure 
is then “charged,” all flux paths being saturated. The 
drive and variable currents will then be applied simul- 
taneously, with the drive acting to completely reverse 
the flux pattern. 

In the relay structure shown in Fig. 5(a), the top 
path will not carry current when X;, is absent. Thus, in 
the magnetic analog [Fig. 6(a) | the top flux path should 
not carry switching flux if X, is absent. This suggests 
blocking the top flux path by applying Xj,’ as in Fig. 
6(b). Hence, whenever a current is present in this wind- 
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Fig. 5—Given relay structure and the first step 
| in establishing its magnetic analog. 
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Fig. 6—(a) Structure with apportioned area. (b) 
The final magnetic structure. 


| 
ng, flux switching through this path will be inhibited. 
‘he other windings may be applied, in a similar man- 
er, as shown in Fig. 6(b). Suppose in this structure that 
;=1, X2=1, X3;=0. Then, when the drive and varia- 
les are applied, X;’ will prevent switching in the mid- 
le path. However, the top path will carry switching 
lux, giving rise to a voltage in the output winding. A 
imilar argument holds when the input variables take 
n different values. If this argument is carried through 
tis easy to see that the magnetic structure in Fig. 6(b) 
ealizes the same logical operation as the relay struc- 
ure in Fig. 5(a). 

With the above example in mind, it is apparent that 
he general procedure for establishing a magnetic ana- 
og may be summarized as follows: 


1) Establish the topology. 

2) Apportion the areas, apply drive, and reset wind- 
ings. The apportioning is not unique, but it is very 
easy to obtain at least one possible structure. 

3) Put on a winding corresponding to each relay con- 
tact. 

4) Simplify the structure so as to realize particular 
requirements, ¢.g., to minimize the number of 
windings. 


For experimental purposes the analog of the relay 
ree shown in Fig. 7 was tested. The straightforward 
nalog is shown in Fig. 8. A simplified structure having 
he same topology is shown in Fig. 9. 

Although the structure in Fig. 9 was arrived at by 
stablishing a correspondence between relay circuits and 
nagnetic circuits, the operating principles are similar 
o those of the laddic. 

Consider the operation of the structure shown in Fig. 
(b) when X; and X: both take on the value 1. First the 
eset establishes the flux pattern shown in Fig. 8(a). The 
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Fig. 7—Relay tree. 
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drive and variables are then applied simultaneously. . 
Provided the current in X; is sufficiently large, the left- 
hand half of the structure will be held in the saturated 
condition. Flux can then switch in the right half of the 
structure only. If X» is present, then rung 4 will be held 
in the saturated condition, and the only rung through 
which flux can be switched will be rung 3. Flux will be 
switched through output rung 3 if and only if the input 
variables have value X;=1, X.=1, and for this input no 
other output will be obtained. Similar unique outputs 
are obtained on rungs 1, 2, and 4 for inputs X1’X9’, 
X;'Xo, X1X_', respectively. 

Fig. 10(a) shows the output voltages across the four 
output rungs for the condition X;=1, X2.=1. Fig. 10(b) 
shows the output voltages across the four output rungs 
for the condition X,;=1, X.=0. Note that on a particu- 
lar rung the noise and signal are of opposite polarity.® 
This will be seen to be reasonable if the mmf acting on 
the rung, under switching and nonswitching conditions, 
is examined. This result will be true in general for struc- 
tures derived using this technique. 


IV. Discussion 


It is apparent that the two methods described lead to 
different magnetic analogs for a given circuit, although 
there are similarities in the basic principle of operation. 
The first method may sometimes lead to a more com- 
pact structure because all paths may have the same 
small cross section. On the other hand, the reset winding 
required for the second method is much simpler. Per- 
haps of greater importance is the fact that the first 
method alone can be used to realize bridge-type circuits 
using a planar structure. However, neither analog ap- 
pears to be generally superior to the other when only 
series-parallel circuits are considered. 

Using either type of circuit, the currents representing 
the variables have a minimum value for a given drive 
current, but there is no significant maximum value. 
Thus, margins are large, as is the case for the laddic. 

In the example discussed in Section II, the output 
was taken using the laddic principle, namely, a flux re- 
versal was obtained through the output linkage only 
when the intermediate paths are all blocked. In the ex- 
ample of Section III, however, the output used is similar 
to the negation output of the laddic.! Clearly either out- 
put can be used in the two cases. Some modifications of 
the circuit are required but the idea is basically the 
same. The normal laddic-type output is to be preferred 
from some points of view since the output waveform for 
a “1” remains the same for all of the appropriate input 
combinations. The “0” output is typically small. The 


8 It should be noted that the waveforms in Fig. 10 do not show 
the noise pulse that is produced at the end of the applied current 
pulse. This pulse will have the same polarity as the signal, but may be 
made negligible in amplitude by increasing the decay time of the 
applied pulse. Referring to Fig. 10, the small negative signal that 
precedes the “1” waveform is believed to be attributable to stray 
coupling in the circuit. 
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Fig. 10—Output waveforms obtained from the structure shown in 
Fig. 9. (Time scale=1.0 ys/division. Voltage scale=0.1 volts/ 
division.) 


negation-type output may give different output wave- 
forms for the different input combinations for a “1,” 
because the switching paths, and hence switching 
speeds, may vary. On the other hand the output for a 
“Q” will have the opposite polarity to that for a “1,” and 
this may be advantageous for some applications. 

As was previously pointed out, these more compli- 
cated structures may lead to logic circuits which are 
simpler in some respects than the equivalent laddic cir- 
cuit. One example was given in Section II, where it was 
shown that the more complicated magnetic structure 
gave an appreciable reduction in variable windings. It 
may well be that simplifications of this nature could give 
a significant reduction in cost. 

No attention has been given in this paper to the cur- 
rent drives necessary or to the switching speeds in- 
volved. These may be derived for any particular geome- 
try by applying the design formulas described previ- 
ously.? 


V. STANDARD STRUCTURES 


It is of interest to note that the analog of the relay 
tree discussed in Section III, or, similarly, its analog de- 
rived according to the method of Section II, may also 
be used as a standard structure. The reason is that out- 
puts taken from the final branches of the tree, for exam- 
ple the four outputs shown in Fig. 9, separately give a 
different conjunctive form of the input variables, and 
jointly give all of the possible conjunctive forms. Any 
Boolean expression can be expressed in the so-called dis- 
junctive canonical form, namely 
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vhere the x’s may represent the variables or the nega- 
ions. Thus, it follows that in principle any Boolean 
unction can be realized by an output winding which 
inks the appropriate number of the branches of the 
ree. 

In essence the tree structure is complementary to the 
addic, which gives an output of the conjunctive canon- 
cal form. 
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The Determination of Carry Propagation Length 
for Binary Addition’ 


GEORGE W. REITWIESNERT 


Summary—It is well known that the expected maximum length 
‘ nonzero carry propagation in the addition of two uniformly dis- 
ributed binary numbers of n-digits each is less than log, n. The 
ropagation of both zero and nonzero carry is required in the em- 
loyment of asynchronous self-timing addition. For the addition of 
wo n-digit binary numbers which are uniformly distributed, a sim- 
le recursive algorithm is readily derived for the exact determination 
f the expected maximum length of zero or nonzero carry propaga- 
ion. 

N 1946 Burks, Goldstine, and von Neumann pub- 

lished! a proof that the expected maximum length 

of carry propagation in the addition of two binary 
1umbers of 2 digits each does not exceed loge nm. In 1955 
Silchrist, Pomerene, and Wong exhibited? a logical de- 
sign whereby a signal for the completion of addition is 
lerived from the fact of the completion of all carry 
oropagation, including, of course, the longest. The 
ormer paper considered the propagation of only non- 
zero carry; of necessity, the latter paper considered the 
wropagation of both zero and nonzero carry. 

In the following argument a formula is derived for the 
letermination of the expected maximum length of zero 
yy nonzero carry propagation in the addition of two 
yinary numbers of z digits each. 

* Manuscript received by the PGEC June 4, 1959; revised manu- 
cript received November 12, 1959. 
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Argument is conducted for numbers X which are ex- 
pressed in 2’s-complement representation in the range 


—1<X <1 by # binary digitsx;—0-1 @=0, 1,71) 
as 
(OA 
X= — 2+ >> #274 (1) 
1 


Since 2’s-complement arithmetical operation is dis- 
tinguished by the replacement, during the detailed im- 
plementation of addition, of numbers X by their resi- 
dues X*, modulo 2, which lie in the range 0<X* <2 
and which are expressed as 


n—1 
ay ee (2) 
0 


argument is restricted to the formation of the sum, 
modulo 2, of two residues X* modulo 2. Employing, in 
place of the generic X and x;, the notation A and a; to 
denote the augend, B and 0; to denote the addend and 
Sand s; to denote the sum, argument is thus restricted 


to the formation of 
ot = At Be modulo 2, (3) 


according to a recursion of the general form 


Cn—1 = 0 (4n) 
h, =a; 8 0; (4h) 
G1 = ab;Vhecsi=n—1,n—2,---,0 (4c) 
Ss, =h, Be; (45) 
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where all quantities a;, b;, hi, ci, s; are binary digits, - 


where V denotes the INCLUSIVE OR, where ® denotes 
the EXCLUSIVE OR, where c; represents carry, and 
where c_; is superflous because of the modulo 2 feature 
and 2’s-complement addition. Since argument here is 
concerned only with carry propagation, (4s) is herein- 
after essentially ignored. 

Through the familiar device of complementing C,_1 
and the b;, argument extends, implicitly, toaccommodate 
subtraction as well as addition. 

Those portions of the following discussion which em- 
ploy statistical argument are founded upon the hypothe- 
sis that each a; and 6; assumes each of the values 0 and 1 
with independent probability 4. That this hypothesis 
thoroughly represents reality is not contended; however, 
it is adopted here as a first approximation to reality. 

In the sense of the paper of Gilchrist, Pomerene, and 
Wong: the binary digits u; and v; («= —1,0,---,n-—1) 
are defined as : 

u; = 1ifc; = O has been ascertained 
u; = Oifc; = 0 has not yet been ascertained 5) 
v; = 1ifc; = 1 has been ascertained : 


v; = Oifc; = 1 has not yet been ascertained 


(clearly uw; and v; apply for zero and nonzero carry, re- 
spectively); and (4m, h, c) is re-expressed as 


1 = Ha ~ 1 = 0 (6n) 
Ce a — 0} ford, —0,.— 0 (610) 

O = 43.) = 01 = 0 for’ caps 5; (614) 

On ways 834, 1 for a;=0;=1 (671) 

h; =a; @ b; (6h) 
“Wiha; tor “he=1 (6cu) 

(1 = 1,0; tor hk; =A (6cv) 

for 1=n—1, n—2,---, 0, where (6), (62), and (6h) 


represent initial conditions and (6c) represents a set of 
recursions which may change the values of particular u; 
and v; from those established under (62). Trivially, 
u;=1=v; is impossible for any 2, and ultimately u;49; 
must apply for every 7. Thus, for the definition of the 
binary digit w,(7= —1,0,---,n-—1) as 


W; = U; V Vi, (7) 


the completion of all (zero and nonzero) carry propaga- 
tion is signalled by the condition 


all UY il. (8) 


the recognition of which may serve as a signal for the 
completion of addition through the employment of 
either v; or 1—wu; for c; in (4s). (As for c_1, the digits 
u_1, V_1, and w_, are superflous in the modulo 2 addition 
of A* and B*.) 
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Tt is readily apparent: that any recursion (6c) must 
terminate upon recognition of h;=0, which embraces 
both conditions (620) and (671) for the initiation of a 
recursion (6c); that at most one of the expressions (6c) 
and (6cv) applies for any particular value of 7; and that 
all applicable recursions (6c) may be executed concur- 
rently—whence the duration of carry propagation is 
governed by the longest carry propagation recursion 
(6c) for any particular addition. 

Assigning one unit for the establishment of the initial 
conditions (6, 7, h) and one unit for each iteration of 
any recursion (6c), a (zero or nonzero) carry-sequence 
of length exactly Z is defined to exist when exactly 
L—1 iterations of a recursion (6c) are necessary to ex- 
haust a sequence of consecutively indexed h;=1. 

Ensuing argument will operate by induction over an 
EN GL a0 77 | 8 

In the addition of the two m-digit numbers 


u— n—1 

Sha; 2 and) pe (9) 
according-to (6) and (4s) fort=n—1, n=2,---:,n—m%@ 
the total number of possible cases (combinations of 
values of a; and 0;) is clearly 2?”; and among all 2?” cases, 
the maximum carry-sequence length is at least 1 (for all 
h;=0) and at most m+1 (for all h;=1). Employing the 
index 7 to denote the maximum carry-sequence length 
in the addition of the two m-digit numbers (9), the 2?” 
cases are separated into m+1 categories according to 
the values assumed by j=1, 2,---, m+1, and the 
number of cases in each category is accordingly denoted 
Pia Las, trivially. 


m+1 


Nea (10) 
il 


and under the assumed stochastic hypothesis it readily 
follows that the expected length E,, of the longest carry 
sequence in the addition of the two m-digit numbers 
(9) is given by 


m+1 


Ey, = > VaR (11) 
i 


The objective of argument is the evaluation of (11) for 
mM=n. 

In the addition of the two m-digit numbers (9), the 
leading carry sequence is defined as that carry sequence 
which includes (ultimately) #,m—1=1 or ¥n-m_1=1; and 
among all 2?” cases, the leading carry-sequence length is 
at least 1 (for hn-m=0) and at most m+1 (for all h;=1). 
Employing the index k to denote the leading carry-se- 
quence length, the P,,,; cases in each category defined 
above are separated into 7 subcategories according to the 
values assumed by k=1, 2, +--+, 7, and the number of 
cases in each subcategory is accordingly denoted Qm,;,4. 


960 
hus, trivially, 


4 
ee oe One (12) 
il 


he object of argument will be achieved through: 1) ex- 
fecMeethe sO; 7,6 im terms of the Pp. and On14,% 
i —2, 3,---, 2; 2) employing (12) to evaluate the 
mj 10 m=2,3,---, nm; and 3) employing (11) for 
1=n to evaluate Ep. 

Of necessity, (as illustrated in Table I) 

OP ve 0) tor 7 <oR 

Meets i) 
Onge =O for m+1—j7<k <7. 


_ The required expression for the Qm,;,, in terms of the 


m—1,7 ANd Qn_1,;,¢ is the recursion 


asd. = 2P m1, 
= 20 m—1)3,k-1 


Vs Sma 1 (4-1) 
Pe Aiea, eye y(t 4op) 


Mavvird = 2Qm—a ji + Qm-13.5-1) 255 Sm+ 1 (14-7) 
or the initial conditions (for m= 1) 
O111 = 2 (15-1) 
Ona a2. (15-2) 


“he initial conditions (15) are readily established by 
eparating the 2?=4 cases for m=1 into two categories 
ecording to 7=1 and j7=2: the condition j=1 occurs 
nly for @n_1=6,_-1, which occurs two ways, whence 
ollows (15-1); and the condition 7=2 occurs only for 
n-1%b,_1, which occurs two ways, whence follows 
15-2). The validity of recursion (14) is observed when 
mument is separated according to Graim=On—» for 
fet) and @,-m~0,-, for (14-k) and (14-7); it is 
atently clear that the leading carry sequence has length 
-=1 when @n_m=bn_m, which occurs two ways, and has 
ength kR>1 when GnomX~On—m, which occurs two ways. 
“he transition from m—1 to m in (14) corresponds to 
ncreasing by 1 the number of digits employed in de- 
ining the two numbers (9). For @n—m=On—m, there ap- 
lies only R=1, whence, for each length 7=1,2,---,m 
f the longest carry sequence among the m—1 highest- 
ndexed a; and 0;, there follows (14-1), wherein 
>m—1ym+1=0 is tacitly understood. 

For Qn—-mA~bn—m, argument is further separated ac- 
ording to k<jor k=j. If the length of the leading carry 
equence is at least 2 less than the length of the longest 
arry sequence among the m—1 highest-indexed a; and 
,, then, in the transition from m—1 to m for @n—m A On—m; 
he length of the leading carry sequence will increase 
yy 1 but cannot become equal to the length of the long- 
st carry sequence, whence there applies (14-%), wherein 
\m—1,m+1,k-1=0 is tacitly understood. And if the length 
f the leading carry sequence is equal to or less by 1 than 
he length of the longest carry sequence among the m—1 
ighest-indexed a; and b;, then, in the transition from 
2—1 to m for Gn-m¥bn—m, the length of the leading 
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carry sequence will increase by 1 and will be equal to 
the length of the longest carry sequence, whence there 
applies (14-7). 

The objective of argument is achieved through (15), 
through (14) and (12) for m=2, 3, - - +, , and through 
(11) for m=n. An upper bound of 2?” readily applies for 
the Qn,j,. and P»;; as a consequence of (10); however, 
the entire argument readily is rephrased to employ 
numbers which do not exceed 2” by discarding the 
factor 2™ which exists in each Q,»,;,, and Pm,; because of 
(15) and the factors 2 in (14). 

For the definitions 


Ome = Ok 
Boy = le Pa, (16) 
(11), (12), (14), and (15) yield, respectively, 
m+1 bent 
ig i a 8 (17) 
il 
and 
=_ 7 —_— 
eae 2 On Jk (18) 
1 


and the recursion 


Op 1<j<m+1 (19-1) 


On SOs bey < t e 1ep) 
OP Ore pr sree se) AS gh Tose 1) (0O2), 
for the initial conditions 

Orr: —1 

Qi22= 1, (20) 


where, of necessity, (13) applies for Om,j;,, in place 
of Ona. 

Thus, £, is evaluated through (20), through (19) and 
(18) for m=2, 3). and throuch) (L/)oreg2 = 77 
employing numbers Q»,;,, and Pm,; which lie in the 
range UO ee 

The values of the Om,;,, and Pm,; for 1<m<7 and of 
the E, for 2<n<39 are listed in Tables I and II; and 
the values of the EL, and of logs ” for 2<n<39 are shown 
in Fig. 1. As an item of passing interest, it is observed 
that the two curves in the figure are roughly parallel. 
That £, (which is determined for both zero and nonzero 
carry propagation) exceeds log: m is not inconsistent 
with the result obtained by Burks, Goldstein, and von 
Neumann (which was derived for only nonzero carry 
propagation). 

Clearly, (19) and (18) and (17) are of very simple 
form, and (13) for Om,;,. in place of Qm,j,x reveals that 
the execution of (19) and (18) by calculating machine is 
tractable employing essentially (n/2)? storage locations 
for numerical data. The E, for 2<n<39 were computed 
in a few moments by the EDVAC. 
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Regular Expressions and State Graphs 


for Automata’ 


| R. McNAUGHTON} anp H. YAMADAt 


Summary—Algorithms are presented for 1) converting a state 
japh describing the behavior of an automaton to a regular expres- 
on describing the behavior of the same automaton (section 2), and 
) for converting a regular expression into a state graph (sections 3 
nd 4). These algorithms are justified by theorems, and examples are 
ven. The first section contains a brief introduction to state graphs 
nd the regular-expression language. 


I. TERMINOLOGY, NOTATION, AND 
| FUNDAMENTAL THEOREMS 


put automaton consists of a number of circles con- 
nected with arrows, each arrow being labeled 0 or 1, 

L both. Each circle shall have exactly one arrow leaving 
labeled 0, and exactly one labeled 1, leading either 
ack to the same circle or to another circle. Some circles 
ibuble circles) have within them a slightly smaller con- 
entric circle while others (single circles) do not. The 
raph has a single unlabeled arrow pointing to one of 
ve circles, but not leading from any circle. The single 
ircles represent states, transitions into which yield an 
utput 0; the double circles represent states, transitions 
ito which yield an output of 1. The unlabeled arrow 
oints to the initial state. These state graphs, like those 
f Moore,! have a single output associated with each 
tate. Unlike the treatment in his work, however, the 
utput of an automata in this paper occurs during the 
‘ansition into a state, not when the automaton is in the 
trate. Thus, the output of the initial state is not neces- 
irily the first output of the output sequence. For exam- 
le, if the input sequence 101001111 is applied to autom- 
ton described by the graph of Fig. 1, then the output 
quence is 001110101. This type of state graph makes 
yr convenience in the algorithms of the later sections. 
Regular expressions are introduced which denote 
lasses of sequences of zeros and ones, and which de- 
‘ribe the behavior of automata. A sequence of zeros 
nd ones is thought of as an input sequence of an autom- 
ton. The manner in which a regular expression de- 
‘ribes the behavior of an automaton is described below. 
efore that, a precise definition of “regular expression” 
given, followed by a precise account of how a regular 
<pression denotes a class of sequences of zeros and ones. 


[: this paper a state graph for a one-input, one-out- 


* Manuscript received by the PGEC, August 5, 1959; revised 
anuscript received, December 14, 1959. This work was carried out 
ider U. S. Air Force Contract AF 33(616)-5886, placed by Wright 
ir Development Center. : 

+ Moore School of Electrical Engineering, University of Pennsyl- 
nia, Philadelphia. : 

1 —. F. Moore, “Gedanken experiments on sequential machines,” 
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Fig, 1. 


Regular Expressions 


The regular-expression language (adapted from 
Kleene? and Copi, Elgot, and Wright,’ has the symbols 
zero (0), one (1), star (*), dot'(-); cup) cap.cay. 
tilde (~), (upper-case) lambda (A), (lower-case) phi 
(p), and parentheses. Zero and one are digits. Digits, 
lambda, and phi are term signs. Star, dot, cup, cap, and 
tilde are the operator signs. Parentheses are used for 
grouping. 

“Regular expression” is defined recursively as follows: 

1) A string consisting of a single zero, a single one, a 
single lambda, or a single phi is a regular expression. 

2) If Bi, ---, 6B, are regular expressions then so are 
(B1)*, (B1) (Ba) + + + (Bn), (Br) U(B2)U) + + + U(Bn), (81) 
(Nao 20 8,), and —~ (By). 

3) No string is a regular expression unless its being so 
follows from 1) and 2). 

In practice the dot will be omitted completely. For 
convenience, parentheses will sometimes be omitted, in 
a systematic fashion, by specifying the order of strength 
of the various operator signs. Cup and cap have the 
greatest strength and are equai in strength; next is the 
dot; finally the tilde and star have the least strength. 
Thus 0/10 is short for 0U1-0. In the latter the cup has 
greater strength than the dot, so that the terms joined 
by the dot are grouped together before terms are 
grouped by the cup. Thus the fully unabbreviated form 
is (0)U [(1) - (0) |. Similarly, OU ~0, 0MO*, 00* and ~00 
are to be interpreted, respectively as (0)\U[~(0)], 
(0) [(0)*], (0) - [(0*) ] and [~(0) |. (0). No parentheses 
in (0U/1)(00)* may be omitted. 


2S. C. Kleene, “Realization of events in nerve nets and finite 
automata,” in “Automata Studies,” C. E. Shannon and J. McCarthy, 
Eds., Princeton, N. J., pp. 3-42; 1956. 

3 1. M. Copi, C. L. Elgot, and J. B. Wright, “Realization of events 
by logical nets,” J. Assoc. Comp. Mach., vol. 5, pp. 181-196; April, 
1958. 
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Sequences 


Regular expressions are used to denote sequences of 
zeros and ones. The length of a sequence is the number 
of terms (zeros and ones) in it. If o1, - - + , o are finite 
sequences of zeros and ones whose lengths are ,---, 
l,, respectively, then the concatenation of a1, + + * , Gn is 
the sequence o of length 4+ ---+/,, such that, for 
each 7, 1SiSn, the (+ - +--+ +/;1+1)th through the 
(i+ -++-+1,;)th terms are those of o; in order. Note 
that the concatenation of 01, a2 is different from the con- 
catenation of o2, 01. If o1, or o2, is the null sequence 
(whose length is zero), then the concatenation of 01, a 
iS 02, Or 01, respectively. 

A regular expression denotes both sequences and 
classes of sequences. Since a regular expression denotes 
only a single class of sequences and denotes a sequence 
if, and only if, the sequence is a member of that class, 
no confusion will result. The recursive characterization 
of denotation is as follows: 


1) If a regular expression denotes a class of sequences, 
then it denotes any sequence in that class. 

2) The regular expression 0 and the regular expression 
1 denote, respectively, the unit class of the sequence of 
a single zero and the unit class of the sequence of a 
single one. (A unit class of an entity is the class whose 
only member is that entity.) 

3) The regular expression ¢ denotes the unit class of 
the null sequence, 7.e., the sequence of zero length. 

4) The regular expression A denotes the null class of 
sequences. 

5) The regular expression 6* denotes the smallest 
class of sequences which contains the null sequence and 
contains, for any 0; denoted by 6* and a2 denoted by 8, 
the concatenation of 01, o2. In other words, 8* denotes 
the class of all sequences o such that, for some non- 
negative integer 2 (zero included!), o is the concatena- 
tion of sequences (not necessarily distinct and not 
necessarily identical), each of which is denoted by 8. 

6) The regular expression 8,;U6,U - - - UB, denotes 
the union of the classes denoted by (1, B2, ---, Bn. 

7) The regular expression Bi\B2)\ - - - (\B, denotes 
their intersection. 

8) The regular expression {i82--- 6, denotes the 
class of all o’s such that there exist sequences o1,-:-, 
on, where, for each 2, a; is denoted by 6,;, and a is the 
concatenation of g1, --:°, Gn. 

9) The regular expression ~6 denotes the complement 
of the class denoted by 6 with respect to the class of all 
finite sequences of zero and ones. 

10) A regular expression does not denote anything 
unless its doing so follows from 1) through 9). 

Thus, for example, 00\/11 denotes the class whose 
members are just the two sequences 00 and 11. And 
(00\/11)* denotes the infinite class whose members are 
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the empty sequence, 00, 11, 0000, 0011, 1100, 1111, 
000000, 000011, etc. 

Note that lambda is used here to denote the empty 
class of sequences and not the empty sequence as it 
sometimes does in the literature in information theory. 
That the empty sequence and the empty class of se- 
quences must be distinguished is apparent because of 
the different ways they occur in the equations at the 
end of this section. 

Two regular expressions a and 6 are equal (a=§) if 
they denote the same class. 


Automata 


A regular expression a describes (the behavior of) a 
one-input, one-output automaton when, for every t21, 
the output at time ¢ is 1, if and only if the input sequence. 
from time 1 through time ¢ inclusive is denoted by a. 
Note that, according to this point of view, an automaton 
cannot respond to the null sequence of inputs. This re- 
sults from our characterization of state graphs, in which. 
the initial state does not necessarily yield an output. As 
a consequence, we have an important principle: a regu- 
lar expression a describes the behavior of an automaton 
if and only if 6Ua describes its behavior. | 

Although only automata with one binary input and 
one binary output are considered, the results of this 
paper can be applied to automata with more than two 
input states and more than two output states. As far as 
state graphs are concerned, this fact is apparent from 
the literature. A regular expression can describe the be- 
havior of an automaton with x input states if it uses the 
symbols 2, 3, ---,#—1 as well as 0 and 1 as digits. If 
the autamaton has more than two output states, how- 
ever, the matter is not that easy. In this case, the only 
method seems to be to assume that there are 6 binary 
outputs, and to have a separate regular expression de- 
scribing each. The regular-expression language seems 
most suitable for automata with only one binary output. 

As an example, consider the modulo-two one’s count- 
er, whose state graph is shown in Fig. 2; its output is 
1 at time tif, and only if, the input is 1 at time tf and there 
have been an even number of 1’s'up to and including 
time ¢ in the input sequence. A regular expression de- 
scribing this automaton is (0*10*1)*. 

It will follow from the results of sections II, III, and 
IV that every regular expression describes a finite autom- 
aton and that every finite automaton is described by 
some regular expression. It also follows that regular ex- 
pressions that contain no tilde, cap, lambda, or phi, are 
sufficient to describe all automata, except the trivial 
automaton described by A, which produces a zero out- 
put at all times regardless of the input sequence. This 
result and its converse appeared in Kleene’s article,? and 
is further clarified by Copi, Elgot, and Wright.? The ex- 
tension of this result to all regular expressions is a fairly 
easy matter, and requires far less effort than the con- 
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Fig. 2. 


ents of sections II, III, and IV. (The verification of this 
act we leave to the reader.) The purpose of those sec- 
ions is the presentation of efficient ways of converting 
‘om regular-expression description of automata to 
hee eraph description, and vice versa. 

{ Specification Language for Automata 


The process of logic design is one that starts with a 
pcitcaion of what a logic circuit must do in the way of 
haracterizing how the circuit responds with outputs to 
nputs. This specification must be precise, in order to 
yroduce by the process of logic design a result that is 
vanted. 

We are of the opinion that the regular-expression 
anguage as presented here is a good language for such 
pecifications. It has three virtues. First, in contrast to 
he state-graph language, its descriptions can be con- 
reniently written out in a line from left to right. Second, 
t is precise and formal, as opposed, for example, to 
latural languages such as English. Third, there is indi- 
ation that one who is trained in using the language can 
eadily, that is, without computation or excessive reflec- 
ion, express ideas in this language. This last virtue is an 
mportant one. The regular expression language without 
he tilde, cap, phi, and lambda (which was the lan- 
uage developed by Kleene? and Copi, Elgot, and 
Nright®) does not have this virtue, or has it to a lesser 
legree. 

As an example, consider the problem of designing an 
utomaton that has an output 1 at time ¢ if and only if 
ither there have never been three consecutive zeros in 
he input sequence up to and including time ¢, or there 
ave been three consecutive ones in the input sequence 
ince the last three consecutive zeros. A regular expres- 
ion specifying the automaton can readily be deter- 
nined. Noting that (0\/1)* denotes the class of all finite 
equences (of zeros and ones), and that (0U/1)*000 
0U1)* denotes the class of all finite sequences having 
hree consecutive zeros somewhere, the desired regular 
xpression is 


~ [(0 U 1)*000(0 U 1)*] U 
(OU 1)*111 ~ [C0 U 1)*00000 U 1)*]. 
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One can express this idea without the tilde, noting after 
some reflection that (1U01)U001)*(6U0U00) denotes 
the class of all finite sequences that do not have three 
consecutive zeros anywhere. But this is not what one 
thinks when one says, “a sequence without three 
consecutive zeros anywhere.” In a certain sense 
~ [0U1)*000(0U1)* ] is what one thinks when one ut- 
ters that English phrase. 

If we are justified in believing that this regular-ex- 
pression language is a good specification language for 
automata, then the algorithm of sections III and IV of 
this paper are important. They provide a way of obtain- 
ing a state graph from any regular expression; from the 
state graph the automaton can be designed, depending 
on the physical means at the designers’ disposal. In 
Copi, et al.,3 a method is given (which is a modification 
of one appearing in Kleene?) for constructing a net con- 
sisting of “and” gates, “or” gates, inverters, and delay 
elements from a regular espression not containing tilde, 
cap, lambda, and phi. (A minor adjustment must be 
made since, in their terminology, a* denotes the result 
of concatenating members of a one or more times, in- 
stead of zero or more times as used here.) There seems 
to be no way of extending that algorithm to regular ex- 
pressions containing tilde and cap. 


Some Regular-Expression Equations 


The following can be verified by using the character- 
ization of “denotation” and other principles presented 
in this section: 


a8 U ay = a(BU y), 
Ba ya = (BU y)a, 
(a U B)* = (a* U B*)* = (a*6*)*, 


ga =agp=a, 
* = ¢, 
ay Gi? = oF 


Any rule of Boolean Algebra holds for cup, cap, tilde, 
and lambda as union, intersection, complementation, 
and null set, respectively. 


A* = ¢, 

aA = Aa =A, 

~ (OU 1) =A, 

~((0U 1)0U 1)*) = 4, 
Bn = (81 - 


By oo BiBit1 oho ouke Bi Birr Oy 0 [Bhs 


= 6i-- BO eae 


On), les Sends 
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Note that the following pairs of regular expressions 


are not equal, as the accompanying counterexamples 
show. 


aBi(\Vay, o(Bf\7). (1) 
Example: a = 0U 00, 
B= 0, 
ay = (0). 
(TG ee ee (2) 
Example: a = 0, 
6B =1. 
CHB eae (3) 
Example: a = 00, 
8 = 000. 


II. AN ALGORITHM FOR CONSTRUCTING A REGULAR 
EXPRESSION FROM A STATE GRAPH 


Let G be a state graph with m states Si, - +--+, Sp. (Si 
is not necessarily the initial state.) Let ai;* be defined 
foneall, ger suchethat #2k=20, and #2121, and 
n=j=1, by induction on F as follows: 

a;,;>=0U1, if input 1 and input 0 both take G from 

Sa LORS, 

=(, if input 0 but not input 1 takes G from S; to 
Si, 

=1, if input 1 but not input 0 takes G from S; to 
3, and 

=A, if neither 0 nor 1 takes G from S; to S;. 


For n=k=1, assume that a,,*—! has been defined for all 
x and y. Then 


= — * 
ai; = aij” WN) ain” Tay” i) a j* i 


Theorem 2.1. a;;* denotes the class of all input se- 
quences that take the state graph from S; to S; without 
going through S, for any « >k. (Note the meaning of the 
word “through” here. If z=4, 7=10, and the state graph 
goes from S; to Sj by means of the transition 
S4S5S4S¢53510, then it goes through S, but not through 
Si.) 

The proof is by induction on k, following the recursive 
definition of a;,;*. For k=O it must be proved that a;;° 
denotes the class of sequences taking the graph from 
S; to S; without passing through any states at all. There 
are only two possible such sequences: the one-term se- 
quence 0 and the one-term sequence 1. Hence, a;;° as 
defined, satisfies the condition of the theorem. 

Assume now that a;;*~! satisfies the condition for all z 
and j. Each sequence taking the automaton of the state 
graph from S; to S; without causing it to pass through 
any S;, for x>k could cause it to pass through S; any 
number of times. 
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Case I. It causes it to pass through S; zero times. Thes 
the sequence is denoted by a;;*—!, by inductive hypothe- 
sis; hence it is denoted by a;;* as constructed. 

Case II. It causes it to pass through S; exactly once. 
Let OR be the sequence, with Q the portion that leads 
from S; to S;, and R the portion that leads from S;, to 
S;. Then Q is denoted by a,x*—!, and R by az;*~1, by in- 
ductive hypothesis. Hence, by the meaning of the star, 
operator QR is denoted by ax’ *(cnn**)*axnj* and, 
hence, by a;;* as constructed. 

Case III. It causes it to pass through S; more than’ 
once. Let OPR be the sequence, where Q is the portion’ 
taking it from S; to S; the first time, R is the portion 
taking it from S;, the last time to S;, and P is the inter- 
vening portion (which takes it from S; to Sz). Q is de- 
noted by a,x, R by ax*-! and P by (axz*-!)*. Hence 
OPR is enacee by a;;* as constructed. 

This proves that a,,;* denotes all the sequences satis- 
fying the construction. Using the inductive hypothesis, 
one can easily see that it satisfies only such sequences. 

Theorem 2.2. If an automaton is described by a state 
graph with states S$, ---, S, whose initial state is S; 
and whose states of output 1 are S,,,--+:, Su,, then 
the automaton is described by the regular expression 

Qiu,” hoy) CERO UU) Wig | 

This theorem is a direct consequence of theorem 2.1. 
Note that if the state graph of an automaton has no 
states of output 1 then A describes the automaton. 
Otherwise a regular expression is given by theorem 2.2. 
Thus, every automaton is described by some regular ex-, 
pression. 

Although the method of construction is somewhat 
complicated, we have found no more direct general 
method for converting a state graph to a regular expres- 
sion. Part of the problem is that it is rather difficult to 
get a regular expression denoting the input sequences of 
all paths from S; to S;, since these may involve many 
loops. 

To obtain a regular expression from a state graph, one 
must first assign an order to the states. Different order- 
ings will, in general, result in different regular expres- 
sions. One should attempt to order the states so that the 
simplest regular expression results. One strategic con- 
sideration is that those states bearing the most traffic 
(those with the largest number of arrows pointing to 
them) should come later in the ordering. 

If we count the number of digits in a regular expres- 
sion as its size, then the maximum size of a;;* is 2-4#. A 
reduced n-state graph has a maximum of n—1 states 
with output 1. (If all states had output 1 then the 
graph would reduce to a one-state graph.) Hence, the 
maximum size of a regular expression constructed from 
an n-state graph is (n—1)2-4". Actually it will usually 
be much less than this, because simplifications can often 
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made along the way, as when 1=k or j7=k. Thus a;;' 
by construction 


Qu VW) Can rp ears, 
hich reduces to 

(a 1)*o, 5. 
ikewise a;;’ reduces to 
aves? *(aajj?1)*. 


However, the size of the regular expression, though gen- 
rally much less than (m—1)2-4", is still rather large. 
Ve are of the opinion that the simplest regular expres- 
ion describing an automaton is usually quite large in 
iomparison to the simplest state graph. 

As an example, consider the state graph of Fig. 3. A 
egular expression for it is a3. We find that 


or? = (10)*1, 

aes? = (10)*(11 U0), 

0U 1(10)*(11 U 0), 
1(10)*1, 


I 


I 


Q31 
| 


It is an easy matter to obtain these by inspection from 
he state graph. Alternatively they can be obtained by 
neans of the algorithm, making use of simplifications 
vased on laws developed in section I.) Thus, 


191° 


= (10)*1 U (10)*(11 U 0)[0 U 1(10)*(11 U 0) }*1(10)*1. 


On the other hand, if the states are labeled as in Fig. 
., the desired regular expression is as:°. We find that 


10U (OU 11)0*1, 
0031 = i 


ind therefore, 


os = (10 VU 11)0*1]*1. 


\lthough this regular expression and the one obtained 
»xreviously describe the same automaton and are equiva- 
ent, this equivalence is far from obvious. 


‘II. AN ALGORITHM FOR CONSTRUCTING A STATE GRAPH 
OF AN AUTOMATON FROM A RESTRICTED 
REGULAR EXPRESSION 


A restricted regular expression is one which has no 
‘ap, tilde, phi, or lambda. Associate with each occur- 
ence of a digit in a restricted regular expression a post- 
ion, which can best be regarded as being directly to the 
‘ight of the digit. Then in generating a sequence denoted 
by a regular expression one can think of going from po- 
sition to position, through the digit of the latter po- 
sition. For example, consider the restricted regular 
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expression ((0:0U/1-1)*0-1)*. There are six positions in 
this expression. From left to right let these be 01 (the 
position to the right of the first zero), 02, 11, 12, 03, and 
1;. An alternative formulation of the notion of a se- 
quence denoted by a restricted regular expression can be 
given in terms of these positions. 

In the definitions that follow, restricted regular ex- 
pressions that denote the empty sequence are distin- 
guished from those that do not. The following recursive 
characterization of this property for the general class 
of regular expressions is given, because of its usefulness 
in the next section as well as in this section. 1) @ denotes 
the empty sequence, but A, 0, 1 do not. 2) For every a, 
a* denotes the empty sequence. 3) For every a, ~a de- 
notes the empty sequence if and only if @ does not. 
4) a ---Ua, denotes the empty sequence if and 
only if at least one a; does. 5) aaa - - - a, denotes the 
empty sequence if and only if every a; does. 6) aiM\a2 
(\ +++ \a denotes the empty sequence if and only if 
every @; does. 

For the purposes of this section, we do not have to 
refer to 3) and 6) of this definition. It is worthwhile to 
note that no restricted regular expression without a star 
denotes the empty sequence. 

Let a be a well-formed part of a restricted regular ex- 
pression p. Then “terminal position of a” is defined re- 
cursively as follows: 1) If a has only a single position 
then that position is a terminal position of a. 2) If a is 
BiB. --- UB, then any terminal position of any of 
the 6’s is a terminal position of a. 3) A terminal position 


44. 


of B is a terminal position of B*. 4) If wis By:Bo: - - - 
and if for every x, n2=x>j, Bz denotes the empty se- 
quence, then a terminal position of 6; is a terminal po- 
sition of a; in particular, a terminal position of B, is a 
terminal position of a. 5) No position is a terminal posi- 
tion of a unless its being so follows from 1), 2), 3), 
and 4). 

“Tnitial position of a” is defined recursively as follows: 
1) If a has only a single position then that position is an 
initial position of a. 2) If a is B\U --- UB, then an 
initial position of any of the #’s is an initial position of 
a. 3) An initial position of 8 is an initial position of 6*. 
4) If avis B,-B.: - + - -B, and for all x, 1 <x <j, B, denotes 
the empty sequence, then an initial position of 8; is an 
initial position of a. (Thus, in any case, an initial po- 
sition of 6; is an initial position of a.) 5) Nothing is an 
initial position of @ unless its being so follows from 1), 
2),.9), and 4). 

It can be proved that the left-most position of @ is 
always an initial position of a, and likewise that the 
right-most position of @ is a terminal position of a, al- 
though these are not always the only initial and termi- 
nal positions. For example, in (0:./11)*0203, 02 and 1; as 
well as 0; are initial positions, although 03 is the only 
terminal position. 

A transition of a restricted regular expression p is an 
ordered pair of positions (P;P2) such that, either P; is a 
terminal position of a, P: is an initial position of 6, and 
ee = Yanai = °6,-B-ni: = 2 one (mM =S0; n=O; 
q=0) is a well-formed part of p where each of the 6’s de- 
notes the empty sequence, or P; is a terminal position of 
a* and Py is an initial position of a*, where a* is a well- 
formed part of p. 

An allowable sequence of positions of p is a finite se- 
quence of positions Pi, ---, P, of p such that P; is an 
initial position of p, P, is a terminal position of p and, 
for each 1<n, (P;Pi41) is a transition of p. 

Theorem 3.1. A finite sequence S of 0’s and 1’s is de- 
noted by a restricted regular expression p if and only if 
there exists an allowable sequence R of positions of p 
such that S results from R by replacing each position 
by the digit of that position. 

This theorem follows from the above definitions and 
the definition of denotation given in section I. (A rigor- 
ous proof would be by induction, following the recursive 
definition of “regular expression,” restricted. We trust 
that the construction of this proof would be an easy task 
for the interested reader.) 

If a restricted regular expression p containing p posi- 
tions describes the behavior of an automaton, a state 
graph containing 2?+1 states can be constructed by the 
method given below. It will be proved that this state 
graph is a state graph for the given automaton. (In 
practice, usually a far simpler state graph will suffice. It 
will turn out that many of the 2?+1 states will not be 
used.) 
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Construction method. Let p have p positions. Then lett 
there be an initial state, and, in addition, one state for) 
each set of positions (thus giving 2”+1 states). An input} 
of 0 applied to a state corresponding to a set S of posi-i 
tions will lead to the state corresponding to the set S’ off 
just those positions P such that P’s digit is 0 and there) 
is a transition from at least one position of S to P. The 
same statement applies for an input of 1. If there is no! 
such position P then the preceding sentence implies that} 
it leads to the state corresponding ‘to the null set of/ 
positions; also implied is that an input applied to the: 
state corresponding to the null set results again in that 
state. An input of 0 applied to the initial state results in: 
the set of all positions P. which are initial positions of p/ 
and whose digit is 0. The same statement applies for an | 
input of 1. A state has an output of 1 if and only if theres 
is at least one position in the corresponding set of posi-‘ 


tions which is a terminal position of p. 


In discussing this construction method we shall ver-; 


bally identify a state of the resulting state graph with | 


the corresponding set of positions. 


Theorem 3.2. The state graph G obtained from p by 


the above construction method describes the behavior 
of the same automaton as p. 


By theorem 3.1, it is sufficient to prove, for any se- 


quence of inputs 4, ---, 7, that takes the state graph 
from the initial state through a series of states Si, «+ -, 
Sn, that S, is a state of output 1 if and only if there exists 


: 
| 


an allowable sequence of positions P;,---+, P, such! 
that for each 7, 1Sjn, 1; is the digit of P;. 
Lemma. For each S; of the sequence Sj, ---, Sh, all’ 


positions of S; have the same digit, namely 4;. 
The proof is immediate from the construction. (This 


lemma shows that many of the 2?+1 states are dispen-_ 


sable in the state graph, namely, those states some of 
whose positions have the digit 0 and others have 1. 
Usually, many states other than those shown to be dis- 
pensable by this lemma are also dispensable.) 

To proceed with the proof of theorem 3.2, suppose 
first that S, is a state of output 1. Then, by construc- 
tion, there exists a position P, in S, such that P,, is 
terminal in p. There must exist a position P,,_; of S,_4 
such that (P,.P,) is a transition of p; otherwise P, 
would not be in S,, by construction. Likewise there 
must be a P,_» in S,_2 such that (Pr_2P,_1) is a transi- 
tion of p. And so on, back. The resulting sequence of 
positions Pi,---, P, is an allowable sequence of po- 
sitions of p, since P; is an initial position of p (for, by 
construction, Sj is the set of initial positions of p having 
the digit 11), for every 7<m (P;Pj41) is a transition of p, 
and P,, is a terminal position of p. Furthermore, by the 
lemma, for each j, 7; is the digit of P;. This concludes 
one direction of the proof of theorem 3.2. 

To prove theorem 3.2 the other way, suppose that 
there exists an allowable sequence of positions Pi, - - - ‘ 
P, such that, for each j Sn, 1; is the digit of P;. By con- 
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truction, S; must be the set of initial positions with 7; as 
igit, including P;. S; must have P. as a member, since 
P,P2) is a transition of p. Likewise S; must have P3 asa 
ember, and so on. Thus 5S, must have P, as a member 
nd therefore must be a state of output 1. This com- 
letes the proof of theorem 3.2. 

We close this section with a practical méthod of ob- 
aining the state graph from a restricted regular ex- 
pression. Far fewer states than 2?+1 are usually needed, 
,O it is not expedient to assume this many states at the 
beginning. Rather the method constructs the state 
yraph state by state, adding states only when they are 
needed. The method will be explained by means of a 
short example. 
| Let p be 1(00U01)*0. There are six positions which 
are in order 11, 01, 02, 03, 12, 04. Rewriting p with positions 
or digits we get 11(0,02./0312)*04. 11 is the only initial 
dosition of p. 04 is the only terminal position of p. The 
cons are 


(1101), (1103), (1104) 
(0102) 
(O12) 
(0201), (0203), (0201) 
(1201), (1203), (1204). 


{n constructing the state graph we first assume the 
initial state. We then ask, what state, 7.e., set of posi- 
tions, do we get to by an initial input of 1 and what state 
do we get to by an initial input of 0? An input of 1 ap- 
plied to the initial state J lands us in state {ii}, whose 
only position is 1;. An input of 0 applied to J lands us in 
the state A, corresponding to the null set of positions. 
Once in this state the automaton can never get out of it, 
so a descriptive name for it is “the dead state.” An input 
of 0 applied to {11} results in the state {0u, 0s, 0} ; an 
input of 1 results in A. An input of 0 applied to { 01, 0s, 0.} 
results in the state {Oo}; an input of 1 results in the 
state {1.}.|An input of 1 applied to {02} results in 
A; an input of 0 results in { 01, 03, Ost. The same is true 
of inputs applied to {19} . These then are all the states 
that are needed. ‘Ou, 03, 0.} is the only state which has 
an output of 1. The completed state graph is therefore 
as in Fig. 5. Thus 6, and not 33, states result. The re- 
duced state graph of this graph (see Moore‘), by which 
the states {11}, {12} and {02} all collapse into a single 
state, has only 4 states! 


IV. COMPLEMENTATION AND INTERSECTION 
IN REGULAR EXPRESSIONS 


Because it is convenient to allow complementation 
and intersection in regular expressions that specify the 
behavior of automata, we extend the method of the 
previous section to the general class of regular expres- 
sions. 
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Fig. 5. 


Assume that ¢ and A do not occur in the regular ex- 
pression, since they can be eliminated by the following 
rules: 


CONTA) (ONT) *); 


A=~ (OU 1)*). 


I 


Actually, simplicity will often result by using the equa- 
tions given at the end of section I wherever possible in 
eliminating ¢ and A; for example, 


aA = A. 


Note first that if an expression has the tilde or cap in 
it, it is not possible to extend the method of section III 
in the obvious fashion. If a regular expression contains 
only cups, stars, and dots, at each digit of a sequence of 
0’s and 1’s we can think of ourselves as being in any one 
of a set of positions of the regular expression. This seems 
to be no longer possible if the regular expression con- 
tains intersection or complementation. 

The method for regular expressions containing a tilde 
or cap is roughly as follows. Suppose first that only a 
single tilde and no cap occurs in p, and that ~a is a well 
formed part of p. A state graph for a is made into a state 
graph for ~a; then these states are used as positions 
along with the positions of the digits outside of ~a@ in p 
in obtaining the state graph for p. If p contains a single 
cap and no tilde and af\f is a well formed part of p, 
then a state graph is obtained for a6 by a modification 
of the method of section III; using these states as posi- 
tions as well as the digits of p outside a/\6, a state graph 
is obtained for p. If p contains several tildes or several 
caps or both tildes and caps, then the above steps must 
be repeated in the appropriate order. For example, if p 
is a-((~B8-~y)*15) where a, B, y, and 6 contain no 
caps or tildes, then in order to obtain a state graph for 
p, state graphs G; and G, are first obtained for ~8 and 
~y respectively. Using states of G, and G» as positions, 
a state graph G; for (~6-~y)* is obtained. From G; and 
a state graph for 6, a state graph G, for (~B-~y)*M6 is 
obtained. Then using the states of G, and the digits of a 
as positions, a state graph G is obtained for p. 
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F Theorem 4.1. If Gis a state graph for a and G’ results - 


from G by reversing the output of every state of G from 
0 to 1 or from 1 to 0, then G’ is a state graph for ~a. 

Proof: A sequence S is denoted by ~a if and only if 
S is not denoted by a, which is so if and only if S ap- 
plied to G results in output 0, which is so if and only if 
S applied to G’ results in output 1. Q.E.D. 

Theorem 4.2. Let G; and G2 be state graphs for a@ and 
6, respectively. Let G be the state graph whose states 
are (gige) for all gi in G; and ge in Ge, such that there is a 
transition in G from (gigs) to (g1’/ge’) under input 7 if and 
only if there is a transition in G; from g; to gy’ under in- 
put 7 and a transition in G2 from ge to ge’ under input 1, 
such that the initial state of G is the state (41/2) where 
J, and Jy are the initial states of G; and G» respectively, 
and such that (gig) has output 1 in G if and only if gy 
has output 1 in G; and gp has output 1 in G2. Then Gisa 
state graph for af\. 

Proof: A sequence S is denoted by aM if and only if 
it is both denoted by a and denoted by 8, which is so if 
and only if when S is applied to G; it yields an output 1 
and when S is applied to G2 it yields an output 1, which 
is so if and only if when S is applied to G there is an out- 
put 1 (which can be seen from the construction explicit 
in the statement of the Theorem). Q.E.D. 

A state graph is input-pure if no two of its transitions 
leading into the same state have different inputs. For 
state graphs that are not input-pure, there is a simple 
method of constructing an equivalent input-pure state 
graph. For example, the state graph of Fig. 6, which is 
not input-pure can, by dividing $3 into $3’ and S3’’, be 
converted into the equivalent state graph of Fig. 7, 
which is input-pure. 

Let ai, ---, a, be well-formed parts of p such that 
no a; is a part of any other a;, and such that no tilde or 
cap appears in p outside of the a’s. For each 7 let G; be 
an input-pure state graph for a;. Then let the positions 
of p (with respect to a1, --:, a, Gi, - , G,) be the 
digits of p outside of the a’s and the states of Gi,---, 
G,. The digit of the latter type of position is the input 
on all the transitions leading to the state in the state 
graph. We must redefine some of the concepts intro- 
duced in section III. 

A state g;is an initial position of a; 1f and only if there 
is a transition from the initial state of G; to g; in G;. 
(Note that the initial state of G; is not necessarily an 
initial position of a;.) A state g; of G; is a terminal posi- 
tion of a; if and only if g; is a state of output 1 of G;. 
From here on the definition of “initial”. and “terminal” 
are the same as in section III. Well formed proper parts 
of the a’s do not have initial and terminal positions, 
under the new definition, but all other well formed parts 
of p do. 

(P;P2) is a transition of p (with respect to ai, - ++, Qr, 
Gi, ---, G,) if and only if either 1) P; and Ps» are states 
of the same G; and there is a transition in G; from P; 
to P2, or 2) P; and P2 are not states of the same G; and 
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(P,P) is a transition according to the definition of sec- 
tion III. An allowable sequence of positions of p (with | 
respect to a1, --°+,@,, Gi,---, G,) is a finite sequence 
of positions (with respect to a1, ---,a,, Gi,--++,G,), 
P;,-++, Py, such. that P; is an initial position of p,7ea 
is a terminal position of p and, for each 1<n, (P;Pi41) is 
a transition of p. (This definition is the same, word for 
word, as that of section III, and the following theorem 
is almost the same as theorem 3.1.) 

Theorem 4.3. If no tildes, caps, phis, or lambdas occur 
outside a1, ---, a, in p, and if Gi, ---, G, are input- 
pure state graphs for a1, - --, a, respectively, then a 
finite sequence S of 0’s and 1’s is denoted by a regular 
expression p if and only if there exists an allowable se- 
quence F of positions for p (with respect to a4, - + + , Gr, 
Gi,:-:-, G,), such that S results from R by replacing 
each position by the digit of that position. 

The proof follows from the definitions. (As in the case 
of theorem 3.1 we allow the interested reader to con- 
struct the rigorous proof for himself.) 

We close with an example. Let p be O~[1(00.U/01)*0]11. 
Let B be [1(00U01)*0], and let w be ~8. Then B is the p 
of the example at the end of section III. A state graph 
for 8 (obtained from the one of section III by reduction) 
is shown in Fig. 8. By converting single circles into 
double circles and vice versa, we obtain a state graph 
for a, which is then converted into the input-pure state 
graph G of Fig. 9. The positions of p with respect to a 
and G are 01, A, Do, Di, Bi, C, Bo, 11 and 12. (01, 11 and 
12, of course, refer to positions of p outside a.) The 
initial positions of a are Dy and B,; the terminal posi- 
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o| | 1,0 


or © 


Fig. 8. 


: 
‘ions of a are all the states of G except C. The transitions 
of p are then 


: (0:B1), (01 Do) 
(Ali) 

(Bil) 

| (Boli) 

(Doli) 

| ‘ (Dy11) 

| (tits), 


and those shown on the state graph. Using the pro- 
vedure of section III, we obtain the state graph of Fig. 
10 for p. Note that the position A does not appear. In 
yeneral the initial state s of G will not be used in ob- 
-aining the state graph for p if there is no transition 
nto s in G, unless s is also an initial position in p. By 
the process of reduction, {By} and {B,} collapse into a 
single state. 


18 IRE TRANSACTIONS ON ELECTRONIC COMPUTERS 


A Method for the Design of Pattern 
Recognition Logic’ 


SAM D. STEARNS} 


Summary—The general problem of pattern recognition is re- 
garded as a problem wherein the recognition device is presented 
with a plane array of black-or-white elements and must decide to 
which general class (pattern) this array belongs. 

A method for reducing the necessary amount of logic is presented. 
It is basically a method for reducing Boolean equations in many vari- 
ables which contain large numbers of redundant or ‘‘don’t care” 
terms. 

The reduced logic is in the form of Boolean functions of the black- 
or-white elements. Some experimental results, in which this logic 
was mechanized with diodes, are discussed. 


INTRODUCTION 


FAIRLY general approach to the problem of pat- 
tern recognition may be taken by making the 


following assumptions at the outset: 


1) The pattern to be recognized always may be made 
to occupy a fixed, finite, rectangular area on a 
plane. 

2) This area may be divided into x elements. 

3) Each element may be designated either black or 
white. 


This “binary quantization” of the pattern on a plane 
allows one to make the following definitions: 


Pattern field—the area referred to above, divided into 
n subareas, called elements. 

State of an element—1 if it is black; 0 if it is white. 

Image—any specified set of states of the elements. 
(For a given pattern field, there are 2” possible 
images.) 

Pattern—any specified set of images. (A pattern may 
either include or not include a given image. Hence, 
there are (2) different patterns.) 


These definitions are illustrated in Fig. 1. 
Using the above terminology, the problem of pattern 
recognition seems to involve four basic steps. 


1) Designate the entire set of patterns which must be 
recognized (distinguished from one another), e.g., 
the integers from 0 through 9, or the Greek alpha- 
bet, or the footprints of 10 different animals, etc. 

2) Choose a number of elements (7) which is at least 
large enough to make the patterns mutually ex- 
clusive, 2.e., so that no pattern includes an image 
that is included in another pattern. 


* Manuscript received by PGEC, July 9, 1959; revised manu- 
oo received, November 16, 1959. This work was supported by the 
AEC. 

{ Sandia Corporation, Albuquerque, N. M. 

1 These assumptions may, in some cases, be too severe. For exam- 
ple, they would not be reasonable in the case of cursive handwriting. 
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Fig. 1—Two different images of the same pattern; 7 = 100. 


3) Determine some or all of the different images 
which are included in each of the patterns. 

4) Determine a logical structure which, when pre- 
sented with the ~ binary inputs representing the 
states of the elements, will indicate a specific 
pattern. 


Step 1) above is accomplished by the designer, who 


chooses a set of patterns for the application which he 
has in mind. Step 2) would usually be accomplished by 
experimental or empirical means. The designer could 


probably increase the number of elements (”) until he 
was certain that his patterns were mutually exclusive. 
Step 3) is a difficult problem in many cases. It could 
possibly be accomplished analytically, by considering 
images of various sizes and in various orientations, posi- 
tions, etc.; or it could be accomplished by observing and 
recording the various images of each pattern. Step 4) is 
another very difficult problem, and the remainder of this 
paper is a discussion of it, along with one solution and 
pertinent experimental results. 


BOOLEAN REPRESENTATION OF THE 
Locic PROBLEM 


Using the above definitions of pattern, image, etc., it 
is easy to state the basic necessities of the recognition 
logic in terms of Boolean algebra. Let the elements of 


the pattern field be designated 
€1, €2, €3, °° * 4 En, 


as shown in Fig. 2. Then a particular image could be 
represented in Boolean algebra by the product 


n 
1g Ce, 
t=1 


numbercin 1s 

of elements image imoge 
110100 Chemis oat 101100 

P = e€€2€3€4€5¢5 + C10 n€3€4€5€6 + C1Cr€3€4e5e6 


Fig. 2—Boolean representation of a pattern. 


mere gq; is the state of e; and indicates negation if the 
ment is white. A pattern would then be the Boolean 
‘m of all of its included images, or 


I n 
= >> IT ef» (1) 
j=l i=l 
ere there are a total of J images and the subscript j 
esignates a particular image (see Fig. 2). Eq. (1) is said 
» be in “canonical” form, because each product-term 
yntains every variable. 
Thus, the entire recognition logic may be represented 
a set of equations of the form 


qi n 
IP = 2S II e,6UiD) | 


j=1 i=1 


Io n 
Po = >, [] ex'asi2, ; 


j=l i=1 (2) 


Test 
| P, = x TI ei. 
| jal fea 
he input variables to the logic would be eé1, é2, - - -, €n, 
ond the output variables would, of course, be 
ih 2; ° , P, where p is the total number of patterns 
) be recognized. 

In the experimental device which will be described 
ter, a value of 150 was chosen for 7. Thus, the equa- 
ons in (2), in their present form, would in general be 
9 long even to write out, let alone mechanize (each 
1m could contain up to 2°, or about 10* products). 
These equations must be reduced, but again they are 
| general too complex to be reduced by any of the 
nown techniques for Boolean minimization.’ Before 
scussing a method of reduction, however, we can com- 
ne these equations in such a manner that the outputs 
‘the logic are coded representations of P1, P2,- ++, Pp 
though this is not necessary te the reduction method 
self). An example will serve to illustrate this. 

Suppose that the patterns to be recognized consist 
eight types of blood cells, designated P1, P2, -- -, Ps. 
et the logic have only 3 outputs instead of 8, and let 
ese be O, Oo, and O3. The “output truth table” could 
en be as in Table I. 


2 See, for example, M. Phister, Jr., “Logical Design of Digital 
ymputers,” John Wiley and Sons, Inc., New York, N. Y., pp. 61— 
9; 1959. 
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AUNBIUIE, I 


BINARY-CODED-DECIMAL REPRESENTATION 
OF PATTERNS 


O; O; O; 
Py 0 0 0 
P, 0 0 1 
Ps 0 1 0 
IE 0 1 1 
Ps 1 0 0 
Ps 1 0 1 
P; if 1 0 
Ps 1 1 1 


In the above example, the recognition logic would be 
represented by the following equations: 


O,= Ps + Pe + 27 + Ps, 

Cn De i See 

Os Py Pa doaect ls. (3) 
Substituting (2) into (3) results in 


Ik on 
>» Dee: 


O71 = 
k=6,6,7,8) g—1 a1 
_ Be fe 
Op=s eh eee, (4) 
Kk—o nel Omg — ie 
Oz = - > Il e; (qigk) . 


—=25 4,650 j=) v=) 


An example of these equations is given in the Appendix. 
When these equations are reduced, there will clearly be 
more terms capable of being combined in each equation 
than there are in the equations in (2), since here there 
are the same number of product-terms in three equa- 
tions instead of eight. Furthermore, even more term- 
combining may be anticipated if patterns which are 
topologically similar to each other are made to cor- 
respond to the output groups (Ps, Ps, Pz, Ps), (Ps, Ps, 
eee Par and (Po, IP ns IEP Ps). 


THe METHOD OF CLASSIFIERS?® 


The output equations in the form of the equations in 
(4) are said to be in canonical form, because as in (1), 
each of the product-terms of each equation contains 
every variable. It was mentioned that each product- 
term represents a particular image. In general, most of 
the images (canonical terms) do not occur as product- 


3 Developed in cooperation with D. R. Morrison, Sandia Corp., 
Albuquerque, New Mex. 
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terms in any of the output equations, because, in gen- 
eral, the number of images which belong to specified pat- 
terns is a very small percentage of the total number (2”) 
of images. All of the images which do not occur as 
product-terms in any of the output equations may be 
considered as redundant, or “don’t-care,” terms when 
the output equations are reduced. If the number of these 
images is large, they may be used effectively in reducing 
the output equations. 

To make use of these redundant images, we first de- 
fine an operation, S, on a sequence of one or more 
Boolean products. This operation has the effect of form- 
ing a single new product which contains only those ele- 
ments which have the same exponent (are in the same 
state) in all of the original products. For example, 


TOO 10 
€1€2€3€4) = 6164. 


S(ereseses, bless 
Only e; and e, have the same exponents in all three terms. 
The pictorial analogy of this operation is shown in 
Fig. 3. The three original images are combined, under 
the operation S, into a single array in which only the 
states of elements e; and é are specified, the remaining 
elements being “gray” (either black or white). 


It is noted in passing that, if image 
= Il e247) , 
t=1 


thenws(/ \i=J-.and further, thaths(1;, 7) = Sgt, )s 
Also, the following convention is adopted: 


t t 
s(t, 4) a DESC) 
k=1 k=1 


Now consider the output equations in (4). Perform the 
operation 


s| Il e; (F415) I eo | (5) 
i=1 4=1 


on the first two images of output O,;. Then perform the 
operation 


s{s| I Ile: Ie we |, 


#=1 
Ik on 
| ae eeu ]} 6G 
k=1,2,3,4 j=1 71=1 


Operation (6) will result in a Boolean sum of many 
terms. Now make the following test: “Is the number of 
variables in the result of operation (5) greater than the 
number of variables in every term of the sum which re- 
sults from (6)?” If the answer is “yes,” then the term 
resulting from (5) may be called a classifier for the two 
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images in (5), because the term resulting from (5) con 
tains the necessary information for specifying to whic: 
of the three outputs the two images in (5) belong. 
the answer is “no,” then other combinations of imag 
may be tried in (5), and the results tested in (6). 

If the classifier resulting from (5) is used to replac, 
the two terms of (5) in the first of the equations ij 
(4), then clearly there will be one less product-term ti 
mechanize in (4), and also, one product-term will consis 
of fewer than 7 elements. Hence, this process of formin; 
classifiers is a process for reducing equations like a 
Note that some of the “redundant images” mentioned 
previously are utilized implicit whenever a classifie’ 


f 


is formed. , 
5 BES 
Be YA_| 
numberin yt ae result of 
of elements image image Pe operation S | 


| 


1110 1010 1100 10 
S (€1€2€3€4, €1€2€3€4, €1€2€3€4) = C164 


Fig. 3—Pictorial representation of the operation S. 


SEG ad oe 


numbering K oe 2~ Pattern 3° Pattern 


of piseeaes | 
YL 
a a 


| 
SDS ees ast DLO nee O p Be Ue | 
S(e1€2€x€s€5€6, C1€n€3€4e5€6) = C1€304e5 


Classifier 
for I Pattern 


Fig. 4—Forming a classifier. | 


In Fig. 4, a pictorial example of a classifier is shown 
The classifier is shown for two images of the first pat 
tern, and it is equivalent to 


PO ENOL ede ee teen 0 A Olmed! 
S| eresesesesee, €1€2€364€5€6 | = €1€3€4€5. 


The gray elements in the classifier contain no informa 
tion; the black and white elements alone are capable o 
distinguishing as to which pattern the two image: 
belong. 

When confronted with a set of output equations lik 
(4), one must decide on how to choose the sets o 
images on which operations (5) and (6) are performed 
This decision will depend on how much computing tim 
can be expended and on how much reduction is neces 
sary in the output equations. Fig. 6 is a flow chart whicl 
exhibits one method for choosing images on which t 
try operations (5) and (6). In the Appendix, an exampl 
is given in which a particular set of output equations a 
in (4) is processed by the method of Fig. 6 to form a se 
of classifiers for, and thus reduce, the first of th 
equations in (4). 


EXPERIMENTAL RESULTS 


Several experiments have been performed along the 
es described above, and, to some degree, the recog- 
ion of typewritten and handwritten figures and char- 
ers has been achieved. To determine the various 
ages, or product-terms in the output equations, the 


ording system shown in Fig. 5 was employed. 
mosaic 


| 
Digilizing 1BM $/4 
Ciercits Punch 
of 150 


hoto sensitive 
elements 


image pone ed 
in 150- bit 
card field 


ractars on 
jer Tape 


Fig. 5—Pattern recording system. 


The use of a mosaic of photoconductive cells instead 
the usually-employed scanning equipment seemed 
ite satisfactory. The patterns were written in framed 
pas on paper tape, and automatically passed under the 
is by means of a paper tape reader. The usual pro- 
dure was to have people draw the same pattern re- 
atedly in the framed areas along the paper tape, and 
en to punch these images, one to a card. After some 
rds have been thrown out so that, in the ones that re- 
un, no two images are exactly alike, one has a set of 
oduct-terms in the output equations in the form 
4). 

To form groups of output equations, several different 
ts of patterns were chosen in different experiments. 
ypes of patterns included alphabetic and numeric 
aracters, and simple figures such as squares, triangles, 
cles, etc. 

Using the IBM 704 computer with an 8192-word core 
>mory, the process shown in Fig. 6 was followed, re- 
Iting in a set of classifiers. (An example using this 
ocess is given in the Appendix.) The process used was, 
course, only one of many possibilities; furthermore, 
allows the computer to discover only a very small per- 
ntage of all of the possible classifiers. However, this 
ocess resulted in considerable reduction of the output 
uations. 

In one experiment, images were obtained for the ten 
pewritten digits. After about 100 unique images for 
ch digit had been recorded, the equations 


O01 = D3 + Dst+ Do+ Ds+ Dit Do+ Di + D1, 
Os= D;+ Ds+ Dist Ds+ Do+ De, 

0; = Ds t+ Dst+ Dit Dot Do+ Ds, 

O, =D; + Dot Di-+ Dr + Do, (7) 


here D, is the 7th digit from 0 through 9, were reduced 
7 the method of Fig. 6. (There is no outstanding reason 
r this particular choice of code.) In all of our experi- 
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ments, a 150-element pattern field was used. Hence, the 
equations in (7), before reduction, each consisted of sev- 
eral hundred products, each product containing 150 ele- 
ments. After reduction, the functions for O; through O, 
were each sums of 5 or fewer products, and each product 
consisted of only 2 or 3 elements. When mechanized 
with diode logic, the reduced functions achieved recog- 
nition of about 99 per cent of all typewritten images 
“read in.” This was due in part to the fact that the 
images of each pattern were quite similar to each other, 
plus the fact that the equations in (7) contained, as 
stated, a rather large number of product-terms. Also, it 
should be mentioned that the typewritten characters 
from which the images were taken were quite clean, 
and that the area surrounding the characters contained 
very little “noise.” 

The method of Fig. 6 seems to have a sort of built-in 
feature of extracting, from large numbers of images, the 
important or invariant qualities of the patterns. For 
example, in an experiment with three different hand- 
written figures (squares, triangles, and crosses), the 
classifiers were mechanized with diode logic and were 
then capable of recognizing a variety of new images, 
none of which had been used to form the classifiers. 


FURTHER CONSIDERATIONS 


With handwritten characters, as would be expected, 
a very large number of unique images must be recorded 
in order to achieve adequate recognition of the char- 
acters after the classifiers are found. Also, the number of 
classifiers for a group of handwritten patterns is, of 
course, much larger than the number of classifiers for 
the same group of typewritten patterns. One rather 
general way to reduce both the required number of 
unique images and the number of classifiers is to per- 
form one or more transformations, or mappings, on the 
original pattern field. As shown in Fig. 7, these mappings 
should occur in such a manner that each of the 2” images 
is mapped to a point in a new set of less than 2” points, 
and also such that images of the same pattern tend to 
converge onto the same points, thus decreasing the 
number of terms in the output equations when they are 
written in the form of (4). 

An obvious example of such a mapping is the trans- 
formation which causes any figure appearing on the 
pattern field to be shifted so that its centroid lies directly 
at the center of the pattern field. Clearly, this particular 
mapping causes images of the same pattern to converge 
into the same image. 

Another simple mapping is the autocorrelation of an 
image. This also causes image-conversion within a pat- 
tern, primarily because the autocorrelation function is 
the same for the same figure appearing in two different 
positions in the pattern field. 

We are presently evaluating different mapping 
schemes in order to determine their effectiveness in caus- 
ing image-convergence. 
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Designate all product-terms (images) in the given output equation as 1), [2,+ ++, Iw 
: : , f 
Designate all product-terms not in the given output equation as Jj, Jo, +++, J: 
Start 
form the sequence A = Io, In, - ++, Tw 
Seta = 2 ) 
. 
a 
set eo Ty 
increase a VER set a = lowest 
to next higher —+form R = S [X, Ja] % subscript in A 


subscript in A 


] 


st 
form T = S| R, > J; yes no 
1 Any terms left in 4? 
e © 1 
1 di. 2 increase a to 
replace X does the number of elements next higher 
with R _ in R exceed the number of subscript in 4 
elements in every term remove J; from A 
| Oe WP om f 
yes no 
remove I, from A is there a term in 
A with subscript yes set X = I; 
| greater than a? t 
is there a term in 
A with subscript no 
yes “_ greater than a? —, no ; find J;, the first 
add X to list of term in A 
™ -classifiers 


add & to list 
of classifiers 


—§> any terms left in A ?: 


ves 


no ; 
Add J; to list of 


ib. classifiers 


STOP 


(list of classifiers for the given output is complete) 


Fig. 6—Flow diagram for computing classifiers for one output. 


2 ordered set of 2” points e PB B, 
(original images) a no Ene ee 
WW oe RES ordered sel of less 
Laat than a points J J, J; J, J; wi 


Fig. 7—Convergent mapping of images. 


B P. R, 


C—O O_O SA 


APPENDIX 
EXAMPLE FOLLOWING FIG. 6 


In the equations in (4), let ~=6 and let [,=2 for 
K=1,2,--+-,8,so that each of the 8 patterns has two 
images. All images are shown in Fig. 8. The equation 


QO, is to be reduced in this example; hence, the 


azes in Fig. 8 are labeled Ii, 1,---, Is and Ji, 
, Js, to conform with lines 1 and 2 of Fig. 6. 
hat is, 
2 6 8 
ess ee = iy a) 
pe Gal Fil 


conform with the notation in Fig. 6. For example, 
pte that, with elements numbered as in Fig. 4, 


Pe OL 
Ts = €1€2€3€4€5€¢6. 


ollowing the flow chart, these steps are now taken: 


Pyestart, 
#2) Form sequence 4 =I, Is, Iu, Is, Ie, Ix, Is. 
Byesetia =2. 
4) Set X= I;, 
5) Form 


R= S(X, Ia) =S(1, L2) 


2 1G 5 tyes Ht Wiad ee I ak Oe el 
= S(€1€2€3€4€566, €1€2€3€4€5€6) = €1€2€3€4€6. 


6) Form 


8 
(es s(x, DS 1.) 
—" 


ih Gl alee OPES 0 aL. 10 LTO pL cOe is 
= S[ereresese6, COU? + €1€2€3€4€5€6 


OOO ee: ODOT TOR 0, 
ate BODO + €1€2€3€4€5€6 + C1€2€3€4€5€6 


OO =O be Mt 
Ae Eleseseiesee + e€1€2€3€4€5€6 + DOTA | 


ie Le tal pat ea! ike 1 1 

= €1€3 + €1€3€6 + €1€3€4 + €3€6 + €3€4 + €6 
10 Sikewal 5 bets gs ep 
+ €1@2€4 + €1€2€4€6. 

7) Does the number of elements in (e1'¢2'e3!e4!e6') ex- 
ceed the number of elements in every term of 7°? 
Yes. 

8) Ale J hey Ii Ts, Ts, Ih. Is. 

9) Is there a term in A with subscript greater than 
Dee Ves: 

10) X= R=ey1eq!e31e,1e6!. 
11) Increase a toa=3. 
12) R=(ere.les!e,e5!, Is) =e1'e31€4'€6'. 


8 
ers (x, os) Eee lime coach exeaes eats 
t— 
ih al 1 iY all Lee 

+ e3¢4 + &6 + e1€4 + €1€4€6. 
14) [Same as step 7) with R=er'es!eq!e6!. | Yes. 
a5) Al Sly Ts, Ie, Iz, Iheg, 
16) [Same as step 9) with a=3.] Yes. 


17) X =R=e1'e,'e4'e¢!. 
18) Increase a to a=4. 
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19) R=S(ezlesteqteg!, Is) =ez!e3!e4). 

20) T=e,%e3!+e,!e3!+ee!e+ +--+. 

21) [Same as step 7) with R=e'e3!e,!.]| No, because 
of 3rd term in 7. 

22) [Same as step 9) with a=4.] Ves. 

23) Increase a toa=5. 
[Note that steps 5) through 11) and steps 12) 
through 18) were passes through loop 1 on Fig. 6, 
while steps 19) through 23) represented a pass 
through loop 2.) 

24) Pass through loop 2 three more times, so that 
now.a— sand A — Ja, elt. lis. 

25) R=S(X, Ia) = S(evreztestes!, €1%€2%e3'e4!€51e61) 

= eslesleg!. 

T= @,' -e3'€¢' 1-63" es" + €3'€e' 1-€3'Ca 1 Cet x 
Ci.le.: 

27) [Same as step 7) with R=esleeg!.] Yes. 

28) A=J4, Is, Ie, 17. 

29) [Same as step 9) with a=8.] No. 

30) Add the first classifier, e3'e,'e5', to the list of classi- 
fiers. Images h, Io, J; and 7g are now “classified.” 


26) 


31) Any terms left in A? Yes. 

32) Hh=t, X=, A=dy, Te, fz. Any terms leit inc 
Yes. 

33) Netia =95. 

34) Form R=e;'e3!e5'¢5° and pass through loop 2. 


(Note that now a=6.) 

Form R=ey!e3!e,!e5!¢5° and pass through loop 1. 

(Note that now A=, Iz.) 

36) R=eze,les51e6°. 

37) T=eslestes° +eslesitestestego t+ ++: . 

38) [Same as step 7) with R=egle,!e;1¢6°. | Yes. 

39) A=ZJ,. 

40) [Same as step 9) with a=7.| No. 

41) Add second classifier, e3!e4!e5'e5°, to list of classi- 
fiers. (This one classifies [4, Js and J7.) 

42) Any terms left in A? Yes. 

43) 1=I;, X=I;, A is empty. Any terms left in A? 

No. 

Add TJs = ey3e:!e3!e4%s'eg° to list of classifiers. 

Stop. 


35) 


44) 
45) 


The list of classifiers is complete, and 


O, = sum of classifiers 
0 1 Gomes a(t) 
= eseues + eseaeses + erereseseses. (9) 
This is clearly simpler than (8). On the other hand, a 
minimal second-order form for (8) is 
Lv ila! 

O71 = €4€5 + €2€3. (10) 
Thus, the method of classifiers usually reduces output 
equations like (4), but, in general, it does not minimize 
them. It is, therefore, useful when the number of vari- 
ables 1 is large, and ordinary minimization methods? 

cannot be applied. 
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Optimization of Reference Signals for 
Character Recognition Systems* 


I. FLORES} anp L. GREY{ 


Summary—tThe role of signal structure in a signal discrimination 
system is discussed. The optimality criterion for reference signals for 
detection in the case of white Gaussian independent noise is defined. 
The need for normalization of the reference signals is demonstrated. 
A geometric interpretation is presented. Optimum classes are ob- 
tained and several examples cited. A theoretical optimum class of 
signals is derived against which any set of signals developed within 
given constraints may be rated. 


INTRODUCTION 
Wee paper has arisen from a study for applying 


character recognition to obtain information from 
documents to be automatically processed. In this 
connection, it is necessary to find means for placing in- 
formation on the documents in the form of printed 
characters which can be identified unambiguously by 
humans and yet can be read easily by machine means. 

An analog method for the detection of such signals is 
assumed here. The problem is to develop a system which 
can read humanly identifiable characters with an ac- 
ceptable degree of certainty and under typical condi- 
tions of document mutilation. One task is to find a sys- 
tem of reference signals that is optimum. One criterion 
for evaluation is the average risk presented by the sys- 
tem. This requires setting costs for correctly identifying 
a character, for incorrectly identifying a character, and 
for refusing to identify a character (rejection). A mathe- 
matical model is then constructed, and it is possible to 
derive an optimum system mathematically. 

Work has been done in this field by Middleton and 
Van Meter,! and by Chow.? It has been shown by them 
that the optimum structure for a detection system de- 
pends to a large degree on the type and amount of noise 
encountered in the recognition process. The optimum 
system has been derived with a rejection region and 
practical cost assignments for Gaussian white noise. 
This solution, though a simplification of the signal 
recognition problem, serves as a good standard of com- 
parison for evaluating a signal recognition system. 


* Manuscript received by the PGEC, May 18, 1959; 
manuscript received, November 9, 1959. 

7 Dunlap and Associates, Inc., Stamford, Conn. Formerly with 
Sperry Rand Corp., Long Island City, N 

t Teleregister Corp., sealord, Conn. Formerly with Sperry 
Rand Corp., Long Island City, N 

1D. Middleton and D. Van Meter, “Detection and extraction of 
signals in noise from the point of view ‘of statistical decision theory,” 
J. Soc: Ind. Appl. Math., vol. 3, pp. 192-253, December, 1955; and 
vol. 4, pp. 86-119, June, 1956. 

2D. Middleton and D. Van Meter, “On optimum multiple-alter- 
native detection of signals in noise,” IRE TRANS. ON INFORMATION 
THEORY, vol. IT-1, pp. 1-8; September, 1955. 
_— 3 FE, K. Chow, “Optimum character recognition system using de- 
cision function,” 1957 IRE WESCON CoNnvVENTION RECORD, pt. 4, 
pp. 121-129. 
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Although the noise encountered is usually banc 
limited, the means of generating the signals imposes a 
similar limitation, so that the assumption of white noise 
is not prejudicial. Again, the noise seems to be in. 
fluenced to some extent by the signal, among other fac- 
tors, but this effect varies greatly so that it appears tc 
take on a Gaussian property in the large. 

Once a system has been decided upon, there is still 
the problem of character design. Complete freedom in 
the choice of signal structure has been assumed by; 
Chow and by Middleton and Van Meter. Two signals 
that differ only slightly come from characters which are, 
very similar in appearance. It is difficult for both the hu~ 
man and the machine to distinguish between such char; 
acters, especially with mutilation present. Therefore, 
the greater the differences among the characters in the 
character set, the easier it is to distinguish each 
character. 

It is the purpose of this paper to study the structure 
of the reference signals in order to determine the best 
set on the basis of complete freedom of choice of the 
signals. This would provide a standard toward which 
improvement in signal structure could be directed. The 
alphabetic characters could not possibly be such as to 
generate the optimum signals. This is because the re- 
quirements of human identifiability place a constraint 
upon the design of the original characters from which 
the signal is derived. 

No attempt is made to set up rules or methods for 
making a practical design of a set of characters. The 
goal is to set a target towards which to strive in design- 
ing such a-set of characters. 


ASSUMPTIONS 


The assumptions to be made in this exposition are: 
the system of detection to be used is the optimum 
mathematical system based on a minimum risk de- 
cision; the noise present is white Gaussian noise; no re- 
ject region is present; the criterion for optimization is 
that of “Bayes risk” or minimization of average cost as 
in Middleton and Van Meter;!? and the system is one 
using correlation functions and analog detection. 

The symbols used below are defined in Appendix I. 


SAMPLE SIGNALS 


To delimit our problem, the waveforms to be deal 
with will be considered as sampled. We will consider A 
character signals; each signal will be sampled at N dis 
tinct points. A signal S;is an amplitude varying functiot 
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| time, S;=5;,(#). All signals are assumed to be zero 
tside the interval 0<#<7. Let us divide this interval 
to NV equal parts, each of length T/N. Let 1 =T/N, 
=2T/N,---+,t~=T. Then we have created N equi- 
istant sampling times. The amplitude of the signal S; 
a given sampling time f, will be given by the use of 
wo subscripts: Six = S;(t.). The first signal is indicated 
Plow; the tilde (~~) is used to indicate that it is com- 
sed of several vector components; 5 is to be used for 
ny signal; the subscript 1 indicates the first signal. 


Sy = (S11, Sia, a »Siv). (1) 
iny other signal, say the ith one, would be given as 
Se= Oi, Sia,,- «+, Sav). (2) 


hese signals can be thought of as vectors in an N- 
imensional abstract space. The components of each 
ector correspond to the time sample. Thus, the first 
pmponent, Sj of 5; represents the value of S;(t) when 
=t,. The length of a vector drawn from the origin to 
| point in space is the diagonal of an orthogonal paral- 
lotope whose edges are the components of the vectors 
long the coordinate axes. This length is indicated by 
ertical lines enclosing the vector and is defined as 


= = Sa 


Let us now set up a model of our multisignal system. 
‘he reference signal for each character is represented by 
vector emanating from the origin. The components of 
ach vector represent the magnitude of the idealized 
ample values. An unknown waveform to be identified is 
>presented by the vector V. The unknown vector is not 
mited in magnitude. It is composed of some multiple 
f one reference signal, and random noise, V=cS;4+ N. 
ts length represents rms power content and its com- 
onents its sample values. The problem presented in 
his model is to identify the source signal or signal class 
f the unknown signal vector V. 


|S, 


(3) 


CRITERIA 


The criteria used to peg an unknown signal into a 
ignal class depend upon the type of noise and inter- 
srence present in the system. The various kinds of inter- 
rence which are encountered have been discussed else- 
rhere.1? Random white Gaussian noise is most easily 
andled analytically. This problem is discussed in other 
ources.!:? The appropriate decision criterion is based on 
he cross correlation functions between the observed, 
nd each of the reference, signals. The observed signal 
is the sum of two vectors, 


Vo = Si tah (4) 


rhere NW is the noise vector whose components are in- 
ependent random variables, and c is some positive con- 
tant corresponding to an amplification or degradation 
uctor. 
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The cross correlation function to be used as a crite- 
rion is 


di = DES (5) 
This may be expressed in terms of the vectors as 
o; = SV. (6) 


The decision as to what signal class (positive multiples 
of a reference signal) the unknown signal V belongs is 
made by examining the various ¢; and choosing the 
largest number. 


THE NEED FOR NORMALIZATION OF THE 
REFERENCE SIGNALS, S; 


The need for equal-power reference signals is demon- 
strated graphically in Fig. 1 where there appear three 


Sz 


Fig. 1—Illustrating the need to normalize. 


signal vectors, 54, So, and S3. 51 is chosen as a unit vector; 
the length of S, is greater than 1; the length of $3 is 
less than 1. Consider an incoming vector Vi to be 
identified. Let it be a multiple K, of the signal S;. Let 
us try to use the cross correlation coefficient to deter- 
mine from whence V; was obtained. From our assump- 
tion, | V| = K,. Then the cross correlation of S; and V; is 
given by 


$(51, Vi) = S1-Vi1 (7) 
or 
= (cos<54; V1) | Si} Vi (8) 
and 
$(Si, Vi) = 1-1-Ki = Ki. (9) 
The cross correlation of S» (larger than Sj) is given by 
(52, Vi) = S2-Vi (10) 
or 
$(S2, V1) = (cos<S2,V1)|S2| | Vi:| (44) 
and 
$(S2, Vi) = d2KiKe (12) 


where the length of S» is Ke, and ¢12 is the cross cor- 
relation between 5S, and So. 
The wrong conclusion would be drawn if the correla- 
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tion in (7) were smaller than that in (10), z.e., if 


$(SiV1) < o(S2V1) (13) 
which implies 
Ki < $2kiK2 (14) 
or 
1/1 < Ko. (15) 


This result states that if the length of S» is greater than 
1/12, Vi may be mistaken for So. 
In a similar fashion it may be shown that 


o(S3, Vs) < $(S1, V3) (16) 


Kik;? < KiK3¢13 or Ks < $43. (17) 


Thus, if the signal vectors are not normalized, mis- 
identification may occur. 

In what follows, all signal reference vectors are of unit 
length. 


GEOMETRIC INTERPRETATION 


The correlation coefficient is the scalar product of the 
unknown and the signal vectors. A two-dimensional 
model of the system is shown in Fig. 2. Since the refer- 


Line of 
Uncertainty 


Fig. 2—Geometry for identifying unknown vector V. 


ence signals are of unit length, the scalar product is 
given by 


¢: = SV = k cos 0; (18) 


where k is the length of V and @; the angle between V 
and §;. Thus, in comparing V with all the reference sig- 
nals, the comparison is among the k cos 6;. Since the k 
is common to each of these terms, this is actually a 
comparison of cos 6; for a maximum. This in turn is a 
comparison of the 6;. We inspect the angles made by V 
with each of the reference signals S$; in turn and look for 
the reference signal with which V makes the smallest 
angle. It is safest to identify this reference signal as the 
source of V. 

This criterion is the same as finding the closest signal 
vector to V. The distance between the terminal points 
of S;and V, or simply, the distance between the two 
vectors, is defined as 


Marck 
| Vi nSe]? =a) 
= Ve a2 Sea oom) 
= | Vi? — 27-5; + |S. |?. 
Now 
[So 12 6 je leeceee aaa Se erceste 
Therefore, “ 
|\V — 5,|2 = 1+ k — 2k cos b. 
If V is closer to S$; than to S;, then 
|v —S,| <|7—-S,| 
or 
ir — Se < | P—3,)2 
and 
1+ k? — 2kcos6; < 1 + k* — 2k cos 0; 
or 
cos 0; < cos 0, (26) 
which is the same as 
0; <0;. (27) 


Our criterion for classifying V may be stated as fol- 
lows: V is identified as S; if the angle it makes with that 
vector is smaller than that which it makes with any 
other reference signal, or alternatively, if the distance 
between the terminal points of V and S; is less than the 
distance between the terminal points of V and any 
other vector. 


OptTiIMUM SYSTEMS 


Now let us examine systems of signal vectors. What 
relationship among the signals in the system will enable 
us to determine best to what signal class an incoming 
signal, V, belongs? 

In Fig. 3 there are two reference signals of unit length, 
5; and S;, 0;; is the angle between them, and OB is the 


Fig. 3—Determinatoin of minimum tolerable noise Ne. 
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le bisector. Any vector from O in the plane and lying 
hin the angle 4 OB is identified as $;; any vector lying 
the angle BOC is identified as §;. 
hat is the least amount of noise which will corrupt 

to make it unidentifiable (on OB) or misidentified 
ighin BOC)? The point on OB which is nearest to A 
D, which is on the perpendicular to OB through A. 
ote that line ADC is defined by the vector $;—5S;. The 
ast noise which would corrupt S; (to look like S,) is 
V-| or sin (6,;/2). 
This comment still holds when the geometry is ex- 
nded to N dimensions. The bisector of angle AOC is 
en a hyperplane through OB, but | N,| is still the 
pst noise which corrupts S$; (to look like S,). 
If we are free to move the vectors within system re- 
rictions, it is found that the greater the distance be- 
veen the two signal vectors, the more noise is tolerable. 
\creasing the angle between the two signal vectors ac- 
smplishes the same thing and similarly improves the 
stem since | V,| =sin (0;;/2). 
The weakest aspect of any system is reflected by the 
aallest vector angle of the system. To improve such a 
‘stem, this smallest angle must be improved; to find 
1e optimum system, it is necessary to find the maxi- 
um solution for the minimum of the angles formed by 
1y two vectors. This, of course, may be restated in 
rms of the distance between vector terminal points— 
‘€ Minimum distance between pairs of vector terminal 
dints must be maximized. 

The above condition may be restated as maximizing 
1€ minimum cross correlation between any two signal 
sctors. This may be shown to be true analytically, as 
lows. Let us examine the incoming signal V which is 
1e sum of the signal S; and noise, V. The correlation 
* V with S; and V with S; is given in (28) and (29), and 
30) and (31). 


o: = V-S; = (S;+ )-S: (28) 
=5,-5,+N-5,;=14+N-S; (29) 
6; = V-S; = (S: + N)-S; (30) 
= §;-S;+ N-S; = oi + N-S; (31) 


here $;; is the correlation between S; and S;. Dis- 
nguishability will be lowest when the results of (29) 
nd (31) are equal. The equality leads to these equa- 
ons: 


1+N-S:=¢;+N-S; (32) 
N-(5; —S) =1—- $y. (33) 

low 
N-(5, —5) = | ¥| | 5S,—S.| cosy (34) 


here y is the angle between N and (S;—5;). We are 
1terested in the least corrupting noise, | V.| for N for 
hich (32) holds true. Then from (33) and (34), 


| 7| | 5;-—S;.| cosy = 1—- 4 (35) 


for Character Recognition Systems 57 
or 
* 1 — $i; 
MM spaces eer (36) 
| Sj a |) COSY 


Obviously | 17 is a minimum for cos Y=1. Then (35) 
becomes 


|W.| |5;—S.| = 1— oy. (37) 
Squaring both sides, 

N28; + $2 — 25:8) = (1 — $4)? (38) 

Since S; and S; are unit vectors, 
NOU e926.) = (bey? (39) 
2N2= 1-— ¢i; (40) 

os 1 — $i; 

| W. aA “tk (41) 


Eq. (41) states that the minimum tolerable corrupting 
noise increases as the cross correlation becomes smaller. 
The minimum corrupting noise for the system of signals 
thus depends upon the smallest angle which exists be- 
tween any two vectors in the system. Then maximizing 
the smallest angle between any two vectors in the sys- 
tem of reference signals constitutes an optimization of 
the system. 


MATHEMATICAL OPTIMIZATION 


We are thus led to the following extremum problem: 
given K points X1, X2, - +--+, Xx on the N-dimensional 
unit sphere, what is the largest angle a such that the 
angular distance between any pair of points is at least a? 
Phrased another way, we wish to find the largest a 
satisfying 


X;:X; < cosa 1; Jim ly Deer a eK 


1 Aj. (42) 
It is clear that @ is a function of K and N, say a(K, NV). 
Interestingly enough, there are a number of physical ap- 
plications which have led to this problem‘ so that the 
complete solution is of considerable interest. In what 
follows we prove or give references to proofs of the re- 
sults obtained up to the present time. We begin by con- 
sidering two results of a general nature. 


Theorem 1: 
For N>K-—1, a(K, N)=cos (—1/K—1). 


Proof: 


We prove first that a(K, N)<cos! (—1/K—1) for 
all N and then by construction that the equality sign 
holds when N>K—1. 


4L. L. Whythe, “Unique arrangements of points on a sphere,” 
Amer. Math Monthly, vol. 59, pp. 606-611; 1952. 
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Let K points satisfying (1) be given by X1, X2,° °°; 
Xx where 


Xi = (641; Gin; - * + Hiv) 61s 28, oie 
with 
N 
Dy vig? = 1 
j=l 
and consider the function 
EX iy X99 2 WK) — (itr sc Beh eye aie cae 
sae (vin = + KN)”: (43) 
Expanding, we obtain 
UX, Xo, Se i, Xx) 
Ki 2e ke | 4, Fade KS) 
Pe: 
Since I(X1, Xe,-+-+, Xx)>O being a sum of real 
squares 
Fal ys Key Om, th gel oteue Kice (45) 
Gey 
By assumption X;-X,;<cos a, hence 
K+ K(K — 1) cosa>O (46) 
—1 
cosa > (47) 
K-11 


which proves that for all V 


a(K,N)< cos ( : i: 
K-1 

We shall show that for V >K —1 one can construct a set 
of points giving equality in inequality (47). These points 
are in fact the vertices of the regular K —1 dimensional 
simplex inscribed in the V-dimensional unit sphere. The 
proof is due to Rankin.’ We suppose that the N-dimen- 
sional unit sphere Sy is the intersection of Syv41 with the 
hyperplane X1+X24+ :- +> +Xw4=0. For X,,1<v<K 
we let 


r 
a ae eee GAVNISK 
r 
Loy = Se 
IK 
Ly; = 0 ila (48) 


where 


Sa. 
NE ‘ 
K-1 
5 R. A. Rankin, “The closest packing of spherical caps in N di- 
mensions,” Proc. Glasgow Math. Assoc., vol. 2, p. 139; 1955. 
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The length of X, is given by 


ME 
Kea Ks) ioe 


While 
K (hoes ty r 
3G een 
ments mS 
and 
CGO uo ae 
Se — 2,1-—)—= | 
IKE IH IE K-11 
vt 
0; = a ee . 


From this the theorem follows. 


Theorem 2: 


For N+-2<K<2N, a(K, N)=7/2. 
This result was first proved by Hajos and Davenport; 
however, an elegant proof due to Rankin® exists. It is 
easily seen that a(K, N)>7/2 since one can alway: 
select the points from the set (+100---0)-:-: 
(000 + - +1). ! 

In view of Theorems 1 and 2, it is sufficient for a giver 
N to look only at the cases K >2N+1. We now examiné 
particular spaces. 


Cascel Ni? | 


The solution is trivial and is easily seen to be 


Qa 
ATG fea (49) 


(CGis@ JOE, IN SS 


Exact solutions are known for K =7, 8, 9, and 12. The 
first three cases were proved in 1951 by Van Der 
Waerden and Schiitte,’ which is an indication of the dif- 
ficulty of the problem. Their findings are summarized in 
Table I.® 

For K=10, 11, 13, 14, 15, 16, 24, and 32, Van De 
Waerden and Schiitte were able to construct a set of 
points such that the minimum distance between any 
pair is given by the smaller entry in the table. The 
larger entry depends on a result due to L. Féjes Toth! 
which gives an asymptotic upper bound for a(K, 3). 


3) 


t? ———_—_ — 
6(K — 2) 

6 H. Davenport and G. Hajos, “Aufgabe 35,” Matematikai Lapok 
vol. 2, p. 68; 1951. ) 

7K. Schiitte and B. L. Van Der Waerden, “Auf Welcher Kuge 
Haben 5, 6, 7, 8, oder 9 Punkte mit Mindestabstand 1 Platz?,” Math 
Ann., vol. 123, p. 195, and vol. 124, p. 96. 

§ L. Féjes Toth, “Lagerungen in der Ebenen auf der Kugel und in 
Raum,” Springer-Verlag, Berlin, Ger.; 1953. 

°L. Féjes Toth, “On the densest packing of spherical caps,’ 
Amer. Math. Monthly, vol. 56, pp. 330-331; 1949. 


1 
OKs ep =coce E (co 


= a®(K, 3). (49a) 
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TABLE I 


MAXIMUM VALUE OF MINIMUM ANGLE For K VECTORS 
IN THREE DIMENSIONS, a(K, 3) 


a(K, 3) 
cos! (cot 80°— cot 40°) 
cos [(./8—1)/7] 
cos! (1/3) 
66°19’ — 69°33’42” 
63°26'06”" —_— 66217223" 
12 63°26/06" 
13 Soy — 60°55/11” 
14 55°40! — 58°40/51” 
15 S759 — 56°40’01” 
16 S2AL — 54°51/19” 
24 43°41’ — 44°42'52" 
32 Sie —- 38°41/31” 


‘This bound is exact for K=3, 4, 6 and 12. Table II 
ves Toth’s bound for K <50 to the nearest hundredth 
a degree. 


ase lil. N=4, K>9 


The only exact solution that is known occurs for 
=120, a(120, 4) =36°. The points are the vertices of a 
gular polygon in 4-space with 120 vertices. 
For N>5 and K>2N-++1 no solutions are apparently 
n1own. Outside of the solutions we have described, the 
est that is presently available are some upper bounds 
ye to R. A. Rankin.!® Rankin considers the inverse 
‘oblem: Given an angle 2a@ on the N-dimensional unit 
yhere, what is the maximum number of points K such 
iat any pair have an angular distance of at least 2a? 


etting K=M(a, N), Rankin obtains the result 


NV eae NG 

ner ( 5 ) sin 8 tan 8 

M(a,N) < 
N\ £8 
TAR (S)f (sin 0)"—*(cos 8 — cos 8)dé 
0 
= M*(a,.N). (50) 
78 
OK a SK — 
4 


6B = sin7(./2 sina). 


or 


il 
ig <cos ! i —e(N), where e(V) > 0 and 


lim e(V) = 0, 

N- © 
[*(a, N) isa continuous monotonic decreasing function 
' a for fixed N, and hence, by an elementary theorem 
‘calculus, it has an inverse function a(K, NV) which is 


10R,. A. Rankin, “On the minimal points of positive definite 
tadratic forms,” Mathematika, vol. 3. pp. 15-24; 1956. 
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TABLE II 


ASYMPTOTIC MAXIMUM VALUE OF MINIMUM ANGLE FOR 
K VEcToRS IN THREE DIMENSIONS, a*(K, 3), TO 
NEAREST HUNDREDTH OF A DEGREE 


K a*(K, 3) K a*(K, 3) 
3 120.00 27 42.14 
4 109.47 28 41.37 
5 98.51 29 40.65 
6 90.00 30 39 .96 
7 83 .30 31 39.30 
8 77.87 Ww 38 .69 
9 (SoS 33 38.09 
10 69.56 34 Sie 38 
11 66.29 35 36.99 
V7) 63.43 36 36.46 
13 60.92 37 35.96 
14 58.68 38 35.48 
15 56.67 39 35.03 
16 54.85 40 34.58 
17 53.20 41 34.15 
18 51.68 42 33.74 
19 50.30 43 5505) 
20 49.01 44 32.96 
Di 47 .82 45 32 .60 
22 46.72 46 S223 
23 45 .68 47 31.89 
24 44.71 48 31.56 
25 43 .80 49 Sih PK) 
26 42.95 50 30.92 


also continuous and monotonic. For computational pur- 
poses one can always use (50) as an implicit function 
to tabulate M(a, N). For cos? 2a<1/N, M*(a, N) 
fails to give good results. From some work”? relating to 
the minimal points of positive definite quadratic forms, 
Rankin was able to show that if the points are packed 
in pairs at opposite ends of a diameter, then for 
cos” Za<l/ . 
2N sin? 2a 
KOS ape a (51) 
LW cosa 
In 1957, Bléh" succeeded in improving Rankin’s 
bound,!° (50), by a factor 


tan? 6 \1/274-1 
N+ 1/7 J 


which is only a very slight improvement and this is 
where the matter rests. 

Table III summarizes optimum signal structures for 
different numbers of signals (AK) and different numbers 
of sample points (VV). For combinations of K and WN the 
cosine of the maximum value for the minimum angle 
between any two signals is given. A proposed system of 
signals can be compared with this optimum by the maxi- 
mum correlation coefficient between any two signals in 
the system. 


u FE, L. Bléh, “On the most dense arrangements of spherical seg- 
ments on a hypersphere,” Izv. Akad. Nauk. SSSR, Ser. Mat., vol. 20, 
pp. 707-712; 1956. (Russian.) 
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TABLE III 
MintmuM ATTAINABLE Cross CORRELATION COEFFICIENTS, COS 0 


Number JN of 


Number of signals, K 
sample = 
points 2 3 4 5 6 8 9 10 11 12 13 14 
2 —1.0 -—0.5 0 Osi W.50 Woo2 Wn7ik cos GCO/®) 
3 —0.33 O 0 0:21 :0326) "0:33. O741 Ose OP AS nO Somos 
4 = 0.255 60 0 0 = 0.25 
5 —0.20 0 0 0 0 — O20 
6 —0.17 O 0 0 0 0 ‘ 0.17 
{| —0.14 0 0 0 0 0 0 
8 —0.13 O 0 0 0 0 
9 A(ipyhl 0) 0 0 0 | 
10 —0.10 0O 0 0 
11 —0.09 O OF 
1D —0.09 0 
13 | —0.08 
Unconditional L 1 i v | 
optimum —1.0: —0.5 —0.33 —0.25 —0.20 —0.17. —0.14 —0:13 —0.11 —Q.10 —0.09 —0.09 —0.08 | 
Note: Underscore indicates lower bound; exact value unknown. The bound is obtained by taking the V-+1 vertices of the regular N-dimer| 
sional simplex and rotating them through an angle of 180°. The resulting 2N-+2 points constitute a set such that any pair satisfies the ir 
equality ; 1 | 
XX; < cos"! (=) . 
N 
CONCLUSIONS 90° and this is an orthogonal system. As the number c 


From Theorem I an interesting conclusion can be 
drawn. This equation states that for a fixed number of 
vectors, K, if we increase the number of dimensions 
above K—1, the optimum angle will not change. This 
means that we can find the optimum not only for a given 
dimension but for any dimension. This is a powerful 
tool, for it means that, knowing the number of signals 
with which we must deal, if the number of samples is 
increased beyond this optimum, the solution will not 
improve. This might lead us right into a fallacy. The 
statement above is undeniably true when no restrictions 
exist as to the construction of the signals. If we now in- 
troduce the restrictions imposed by assuming the signals 
were generated when characters printed in magnetic ink 
pass under a magnetic reading head, we find that it is 
impossible to achieve this optimum. If we now increase 
the number of sample points, we also increase the de- 
grees of freedom for the choice of signal vectors which 
comprise an optimum or near optimum system. It is 
then more easily possible to comply with the constraints 
imposed by the geometry of the characters and still con- 
struct a near optimum system. As an example, the 
polarity and minimum magnitude of certain sample 
points may be derived from the required geometry as 
initial constraints imposed upon the system. With the 
addition of a few sample points, a near optimum solution 
might be constructed. 

The solution for K vectors in K—1 dimensions, the 
solution which, with no constraint imposed, cannot be 
improved upon, will hereafter be referred to as the un- 
conditional optimum. 

A conditionally optimum system (one which could be 
improved upon by going to more dimensions or sample 
points) exists when there are twice as many vectors as 
dimensions. The optimum angle in that case is always 


signals increases, the unconditionally optimum syster 
solution gets closer and closer to 90° (see Theorem 1) 
For ten signals the unconditionally optimum solutio: 
is 96°. The difference between conditional optimum am 
unconditional optimum is only six degrees. 

The case where there are N dimensions or sampl 
points and the number of signals K is equal to 2% 1 
almost always far short of the unconditionally optimun 
system. This problem corresponds to the case of binar: 
coding. Our solution states that if we have a givel 
number of signals and our method of detecting thes 
signals is a correlation or analog method, the best possi 
ble means of encoding information would not be binary 
coding; it would be a method which used a number o 
sample points at least equal to one less than the numbe 
of signals. 

It is interesting to see how the amount of freedom in 
creases as the dimension is increased beyond the un 
conditionally optimum situation.. Let us consider thre 
signals or vectors only. The unconditionally optimun 
solution for this system is one where the three vectors li 
in the same plane and make an angle of 120° with eacl 
other. The freedom of choice that exists in this solutio1 
is one degree of rotation. The plane containing the thre 
vectors may be rotated about the origin. 

Consider what happens if the vectors can occupy thre 
dimensions. The three vectors must still lie in the sam 
plane but now not only can they rotate within tha 
plane, but the plane itself may rotate to any positio: 
about the origin. Since the position of a plane in spheri 
cal coordinates is determined by two direction cosine 
and since the vectors can still rotate within the plane 
it is seen that three dimensions allows us three degree 
of freedom, as compared with one degree of freedom i 
two dimensions. 


= 


pi 
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APPENDIX I 
List oF SyMBOLS USED 


Number of signals to be identified. 
The ith reference signal, a time varying 
function. 
Maximum duration of a reference sig- 
nal; S;(t) is zero outside of the interval 
OST tor all: 
The number of sample points used over the 
interval 0<¢t<T to sample the waveforms 
a(t). 
The time at which the a sample is taken; 
aT 
: (eee tea ior all 7. 
n 
The ath sample of the 7th reference wave- 
FOL +S. Si(b,))- 
The length of the V-dimensional vector, S;. 
The set of all 2 samples of the refer- 
ence waveform S;; a vector; the set 
Si = (Sit, SAD PP Og Sin): 
An unknown signal defined over the inter- 
val 0 to T and to be identified to be or not 
to be one of the reference signals, S;. 
The unknown signal, V, sampled at the 
times} —ts: Ve=.V (Ee) 
The set (vector) of sample points of the 
Signaleys BV = (ai, Oo >> © 50s). 


V= (V1, V2, ab ae 


The noise vector, each of whose com- 
ponents m; is a random variable; 1; has a 
normal probability distribution. 

The correlation coefficient of the two vec- 
tors, S; and V defined using the discrete 
sample points; 


N 
?; =a De VigSia- 
a=1 


The correlation between the two signals 
5; and 5;; 
bee SS, 


The length of V; k=| V| =V D/V?. 
Constants. 

The angle between the two vectors V 
and S;. 

The probability of occurrence of the signal 
vector S;. 

The probability of the absence of a signal. 
The conditional probability density distri- 
bution of V given S;. 

The probability density of noise done. 

The likelihood ratio for the 7th signal, S;. 
The criterion for choosing the ith signal as 
the source of V in preference to any other 
signal, S;. 


APPENDIX II 


The case of the Multiple Alternative Decision Prob- 
lem is discussed by Middleton and Van Meter.) The 
problem of the signals S$; contaminated by white Gaus- 
Sian noise is discussed there. Certain simplifying as- 
sumptions will be made here to apply the results to a 
practical signal system: 1) the signals occur with equal 
probability—this will almost be true when dealing solely 
with numerals and auxiliary signals; 2) the cost of cor- 
rectly identifying a character is zero; 3) the cost of mis- 
identifying a character is constant—it makes no dif- 
ference whether we call a “3” a “5” or a “1”; and 4) no 
rejection region is considered. The likelihood ratios 
using our symbols are 


pF(V/5.?) 

gk (V) 
where F(V/S,) is the conditional probability distribu- 
tion of V originating from S$; and F(V) is the noise dis- 


tribution. If the noise is independent and of constant 
variance and mean zero, then 


(52) 


F(V) = K exp (— >> V.2/207) (53) 
and 
Feed Ve as SH Z 
F(V/S,) = K exp (- Xe, 9 (54) 
F 2c? 
where 
K = [Ger (55) 
SOmunalt 
Ve rar ee ‘ F Vise 
ee Sal y+ > nr 
20? 
C = log (p/q) (56) 
and, after expansion 
U VeSre ad Seas 
log A; — C = Xu py . (57) 


20? 


Now with the assumption of unit power for the refer- 
ence waveforms, this becomes 
log A; a C 


o 


(58) 


1 
air ) = Dees. 


The criterion for choice of S; as the source of V, desig- 
nated as y;, is based on 


yi 2A; <A; all 7 Ax. (59) 
From (59) it follows that 
Ae —_—— G “a rs =o G Fs (60) 
which leads to 
AVS oe os (61) 


which, of course, is the correlation criterion. 
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Frequency-to-Period-to-Analog Computer for | 


Flowrate Measurement® 
TED W. BERWIN ‘i 


Summary—The Frequency-to-Period-to-Analog Computer is a 
special purpose nonlinear analog computer which accepts an ac volt- 
age of varying frequency, acts upon the period of each cycle, com- 
putes the inverse of the time period, e=1/7, and holds the informa- 
tion for the period of the next cycle. Thus, the output voltage is a 
level which is proportional to the input frequency f=1/7T computed 
once for every cycle. The system is accurate to better than +0.5 per 
cent of 2/3 full scale. Application of the computer is described and 
results presented for fast readout and recording of gas and liquid 
turbine type flowmeters. Extensions of the circuits used can produce 
voltages proportional to In ¢ or 1/f, for time ¢ greater than a small 
positive number. 


INTRODUCTION 


N-LINE computers for special applications are 
used in many fields, for example, record equali- 


zation in phonographs, tape recorder equaliza- 
tion, first-order equalization for thermocouples [1], 
second-order compensation for second-order systems 
such as pressure transducers [2], etc. Although most 
applications involve linear analog computation, there 
are some applications where nonlinear computing is de- 
sired. This paper describes a special type of nonlinear 
computer which is directly applicable to accurate meas- 
urement of volume flowrate, although it need not be 
restricted to this application. 

The type of flowmeter with which we shall concern 
ourselves is a turbine type, which consists of a several- 
bladed turbine in a gas or liquid flowstream. The prop- 
erty of the flowmeter is that the angular velocity of the 
rotor is proportional to the volume flowrate of fluid 
through it. Fig. 1 shows an advanced type turbine flow- 


Fig. 1—Quantomics-type turbine flowmeter. 


* Manuscript received by the PGEC, July 10, 1959; revised 
manuscript received, October 26, 1959. 

+ Dept. of Engrg., University of California, Los Angeles, Calif., 
and Dresser Dynamics, A Division of Dresser Industries, Inc., 
Northridge, Calif. 


meter. Note the tandem blades—one turbine is mounte 
on ball bearings on the shaft of another turbine to redu 
the effect of bearing friction. In a flowstream both blad 
rotate at approximately the same speed, and, as a resul 
the slave turbine bearing friction is reduced to a min 
mum. A light beam is interrupted by the blades, provic 
ing frequency information for recording. This methd 
of measuring flow is the, most widely used and the mo: 
accurate. Other methods of providing electrical cor 
version without drag on the rotor are with capacitang 
or inductance transducers. 

It is of utmost importance to convert and record tl 
electrical information from the flowmeter so that it ca 
be accurately read out at leisure. Since the output of tt 
flowmeter is an ac voltage whose frequency is propo 
tional to the flowrate, let us examine methods of inte 
preting this signal. One obvious method of readout | 
counting the number of cycles for one second and the 
recording the output digitally. A method commonl 
used in liquid propellant rocket engine testing is to re¢ 
cord the voltage waveshape on an oscillograph and the 
in data reduction to count the number of cycles in a 
indicated time interval. Another method in frequent us 
is to convert the frequency into pulses of constant ampl 
tude and width and then convert these pulses to an avei 
age value. The output of such a system is a curren 
proportional to the frequency. The common method c 
recording this information is on a self-balancing potent 
ometer since the average voltage amplitudes are in th 
millivolt range. This method of measurement is ver 
accurate (+0.1 per cent) in steady-state, but is ver 
inaccurate for transients. 

The main disadvantage of these methods is that a 
average count is taken over a relatively long time inte: 
val. Inspection of the information contained in 
periodic waveshape suggests that the fastest rate a 
which frequency information may be obtained is onc 
per cycle. Note that the frequency is given by f=1/] 
where J is the period of one cycle. It is a relativel 
simple matter to obtain a digital number proportion: 
to the period. This has been achieved [3] by opening a 
electronic gate for a time 7 and passing clock pulse 
into a counter (see Appendix J). The output of tk 
counter may be printed on paper, photographed, or rea 
out as a coded waveshape. This method provides ver 
accurate (+1 count in the fourth decimal place) an 
reliable information at a relatively fast rate (approx 
mately 20 per second maximum). However, if inform: 
tion of flowrate variation is to be obtained, tediot 
plotting of hundreds of individual points is necessary 
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he Frequency-to-Period-to-Analog Computer, here- 
er to be referred to as FPAC, which is the subject of 
S paper, is an instrument which operates on the 
iod T of one cycle of an alternating wave, computes 
inverse 1/7, which is equal to frequency f, and pro- 
es an analog voltage which is proportional to the 
rage frequency for each particular cycle. The ad- 
ntages of such a system are optimum response, high- 
nsient and steady-state accuracy, and convenient 
sentation of flowrate data. 


60 
e information is also proportional to the inverse of 
quency, which is rather confusing. 


BASIC SYSTEM 
The Frequency-to-Period-to-Analog Computer ac- 
ts a periodic voltage of frequency f and provides an 
tput voltage level proportional to f computed from 
period T of each cycle of the input. The basic system 
in four parts as shown in Fig. 2. 


Amplifier 
and 
Sq. Circuit 


Output 
he y o Output 
Computer Amplifier 


Fig. 2—Basic system. 


Hold Ckt. 


The Amplifier and Squaring Circuit amplifies and 
nits the input level so that a constant amplitude 
uare wave signal of period 7 is generated. The second 
ock represents the k/t Computer where & is a con- 
ant, and ¢ is the variable time. This is the heart of the 
stem and will be covered in detail. The Sample and 
old Circuit receives information of voltage level once 
r every cycle of input and holds it for the length of the 
xt cycle. The Output Amplifier supplies appropriate 
ywer to drive any type of recording system, for exam- 
e, a galvanometer in an oscillograph recorder, an os- 
lloscope, etc. 


ealization of e=k/t 


The heart of the FPAC system is a generator whose 
itput voltage is e=k/t. Inspection of the function 
ows a discontinuity at ¢=0. Since e approaches in- 
lity as ¢ approaches zero, the function is not physically 
alizable at #=0; and furthermore, as 7-0, foo, 
hich is also nonrealizable. Therefore, let us place an 
yper limit on e, thus restricting the upper range to 


nax- 


In Fig. 3, let: 


Toes 0 < i SG! 
2 ‘ (1) 
EG/t, t Ze a. 


We shall consider the function only for ¢>0 in this 
scussion. 

The problem now becomes one of generating a voltage 
scribed by (1). Assuming that there are several ways 
generating this voltage, consider circuit realizability 
id simplicity. Since the function resembles a capacity 


discharge, and at t=a, ¢=Emax, and since a capacitor 
can be charged quickly and accurately to a given volt- 


age by a cathode-follower circuit, assume a circuit con- 
figuration of the type shown in Fig. 4. (Other configura- 
tions may be found in Appendix III.) When the grid of 
the tube in Fig. 4 goes to E’max, the capacitor C will 
charge to the value Emax. At t=a, the voltage on the 
grid drops below zero and the charge on the capacitor 
begins to discharge through Z. 


Fig. 3—The function e= Eo8/t. 


: 
max. 
2 eS e 
“aa of 2 yi 
Fig. 4—Supposed Circuit. 


The problem becomes one of determining Z such that 
(1) is satisfied. The equation is nonlinear. Therefore, 
some component must be nonlinear. Assume Z to be the 
nonlinear component, a function of e, Z=Z(e). Write 


B= (acy fiat, t>a 


2 
Tees 0 < i —<S? ( ) 
and 
tone) Z(eye (3) 
Substituting, 
1 e 
C= Een zy; Al dt. 
Cl Ze) 
Differentiating and rearranging, 
CZ(e 
() de = — di. (4) 
e 


Digress temporarily to our desired result; from (1), 


(Go BEo/t t = Qa 
and hence 


de/dt = — BE)/t?. 
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Eliminating ¢ and rearranging, 


Now compare (5) with (4). If 
Z(e) = BE0/Ce, (6) 


then (4) becomes equal to (5), and the voltage e 
obeys (1). 

It has been assumed that (6) is realizable. The neces- 
sary nonlinear load is a resistor which varies as the in- 
verse of voltage across it. 


Combining (3) and (6), 


4 = —e’, (7) 


Thus, Z(e) is a nonlinear resistance whose current is 
proportional to the square of the voltage across it. The 
problem then becomes one of physically realizing (7). 


Approximation of Nonlinear Load 


It is necessary to approximate the nonlinear load de- 
scribed by (7), which may be normalized: 


1/%9 = (e/eo)? (8) 
where 
19 = (C/BEo) eo. 


Eq. (8) shall be formed by the straight line approxi- 
mation as shown in Fig. 5(a). The error obtained by this 
approximation is shown in Fig. 5(b). When 0 <e/e) <1, 
1</t9 = (e€/eo) —(e/eo)? and similarly for other values of 
e/éo. A tabulation may be made as in Table J. An ap- 
proximating circuit for the desired impedance function 
is shown in Fig. 6. 

To determine Rp (in Fig. 6) refer to (8) and Fig. 5. 
Assume that when £» is made a nominal value, a reason- 
able current is drawn by the load, e.g., 7=0.5 ma when 
Fe=50 volts.” Further, assume w=10, so that ¢)=5 
volts; then from (8), 


io = i(€o/e)? = 5 vamp 


M. arcl 


The circuit which shall generate the function (1) ma 
be realized as shown in Fig. 7. The phantastron tim 
delay is adjusted for a time delay a as shown in Fig. : 
The cathode follower Vz is normally biased at cutoff an 
shall be used later as a hold circuit for sampling. V3 1 


intended to provide a low impedance output. The volt 


(a) se 


i e/fe i 
(y= imate 3 ane: 5 ° 
+5 


Fig. 5—(a) Straight line approximation o° impedence 
function. (b) Error function. 


Vv 
antastr, ie) 1 
time dela cS — 
a (d) 


and 
Ro = (€0/t0) = 1 MQ. (9) Fig. 7—e = E,6/t Function Generator. 
UALS, 1 
Range Tact / Vo n Error (7¢/t0) = (taet/t0) — (tidear/to) 

0 <e/eo <1 e/eo 1 (e/eo) — (e/eo)? 

1 <c/eq <2 e/eo + 2[(e/er) — 1] 2 3(e/eo) — 2 — (e/eo)? 

2 <ef/en < 3 e/eo + 2[(e/eo) — 1] + 2[(e/eo) — 2] 3 5(e/eo) — 6 — (e/eo)? 

3 <e/eo<4 e/eo + 2[(e/eo) — 1] + 2[(e/eo) — 2] + 2[(e/ec) — 3] 4 T(e/eo — 12 — (e/eo)? 
n—1<e/feo<n (e¢/eo)(2n + 1) — n(m — 1) n (e/eo)(2n + 1) — n(m — 1) — (e/eo)? 
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ge e may be obtained in terms of the circuit constants. 
rom (2), (8), and (9), and the initial condition, e= Eo, 
t t= 8, it can be shown by calculations similar to those 
erformed in the previous section, that 


RoCeo 
crac 
| a — € 
| 0c0 0 (10) 
| ees Ont <a, 
t is clear from (10) that 8 must be set to 
B = RoCeo/ Eo (11) 


: (1) is to be satisfied. 


| 
| 
‘omputation of actual: 


Eq. (9) was calculated using the ideal nonlinear im- 
edance of (8). This does not include the error intro- 
luced by using the approximated segmented load. Fig. 
(b) shows the error in 2/29 introduced by the approxi- 
nation. A correction to this error will have to be made 
ince its integral is cumulative and may become sig- 
ificantly large. Let us calculate éactuar and compare 


t with €ideal. 
Ee 0) if seis 


‘rom Table I, 
| a SOTO ee i 


| CSE — G/CC) if (e/eo)(2n + 1)dt 


AGG /C) | n (n—1) di. 


[he solution of this equation (see Appendix IT) is 


2 E 


[his equation indicates that @actual is made up of a sum 
yf constants and exponentials whose coefficients change 
vith (as defined in Table I). When the initial condition 
hat e=E,) when t=8 is imposed, and calculation for 
act 1S Made at ¢=10, then ect is not exactly the same 
IS €ideal, aS might be expected. This is because of the 
rror of Fig. 5(b). A correction to the actual curve must 
ye made. A convenient method is to adjust for this 
ror by changing the value of é9. This adjustment pro- 
rides adequate correction for the error introduced by 
pproximating the nonlinear load Z by straight line 
egments. It is adjusted to proper value along with two 
‘ther adjustments to make the error function as shown 
n Fig. 12 a minimum. 


eon(n — 1) 


eon(n — 1) ]~@n +) (t-8)/ RoC 
Cact = ee 
ey) | 


Bey Peli 
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BLock D1AGRAM OF PFAC aAnpb Circuit DETAILS 


The block diagram of the complete computer is shown 
in Fig. 8. The amplifier accepts an input of 0.1 volt rms 
or greater and drives the Schmitt Trigger which pro- 
vides a square wave voltage as shown in Fig. 9(a). The 
phantastron time delay is triggered by the square wave 
as shown in Fig. 9(b). A phantastron circuit was used 
because precise time delay is necessary. The one-shot 
time delay provides a pulse as shown in Fig. 9(c). Dur- 
ing the one-shot pulse, the BE,)/t Function Generator 
(also Fig. 7) is clamped and the sampling is performed. 
The waveshape of Fig. 9(d) is generated by the stop 
gate shown in Fig. 8 and is limited to the voltage E’max. 
This waveshape is impressed on the input of the BE)/t 
Function Generator. The output of the latter is shown 
in Fig. 9(e). At proper time [Fig. 9(c) ], the voltage of 
Fig. 9(e) is clamped, and is sampled as shown in Fig. 
9(f) by the Sample Circuit and stored on a capacitor in 
the Hold Circuit, Fig. 9(g). The biased cathode follower 


Fig. 8—Detailed block diagram of the FPAC. 


(a) Schmitt Trigger output. 


| | | | | (b) Phantastron delay. 
ere 5 
e (c}) Sample time (one-shot output). 


S (d) Reset time (gated time). 


(e) Output of BEo/t Computer. 


Sampled signal. 


Sas 


e 
qe tt 
(g 
° 
2 elee anes (h) Pulse Converter [(B+) —Vol. 


j) Pulse Converter waveshape. 


SS 


Hold output. 


Fig. 9—Timing of the system. 
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provides a dc zero level control and low impedance’ 


output. 

Accuracy of the system is checked by a standard Pulse 
Converter whose accuracy is nominally +0.1 per cent. 
Its output is subtracted from the output of the FPAC 
and the difference is proportional to the error in per cent 
of full scale. Fig. 9(h) and 9(j) show the waveshapes at 
points (h) and (j) in Fig. 11. Note the instantaneous 
response of Fig. 9(g) and the slow averaging response of 
Fig. 9(j). Note from Fig. 11 that a smoothing choke and 
capacitor follow point (j), causing still more delay. 


Sample, Hold and Biased Cathode Follower Circutts 


Fig. 10 shows the Sample, Hold and Biased Cathode 
Follower Circuits. The letters (e), (c), (f), and (g) cor- 
respond to the waveshapes similarly labeled in Fig. 9. 
The sampled voltage (f) is the smaller of the two volt- 
ages (e) and (c). The input cathode followers and diodes 
thus constitute the Sample Circuit. The Hold Circuit 
consists of the two triodes V3 and V4 connected cathode- 
to-plate, and the capacitor C,. With signal Fig. 9(f) on 
the input to this circuit, the tubes are either both con- 
ducting or both cut off. When they are cut off, the 
capacitor C;, holds its charge. When a positive potential 
is present at (f), the upper tube acts as a cathode fol- 
lower with the lower tube as a load, and the capacitor 
will charge or discharge to this potential. When (f) 
drops to cutoff level, the capacitor C;, holds its charge 
until a new level is impressed. The potential on the 
capacitor is read by cathode follower V;. The potenti- 
ometer and Zener diode configuration provide a dc 
level adjustment without a corresponding change in 
gain. When no signal is present, the charge on C, may 
drift to a negative value, so a diode is placed at the out- 
put to limit it to positive values only. 


Pulse Converter 


The pulse converter is a standard type used to convert 
a frequency to microamperes of current. The circuit is 
shown in Fig. 11. The square wave of Fig. 9(a) is im- 
pressed at (a) and is limited between B+ and V5 at 
(h). The limited square wave is converted to a constant 
current by alternately charging and discharging C 
through the two diodes. The current may be determined: 


ic = Aq/At = C[(B+) — Volf 


where f is the input frequency and ([B+]—V,) is the 
peak-to-peak voltage across C. Since C, B+, and Vo are 
constant, 7, is proportional to f. 


If 
C = 0.001 pfd, 
B+ = 150 volts, 
Vo = 100 volts, 
f = 1000 cps, 
then 
Jomo ae 


: 
March | 


The voltage developed across the 200-Q load is then 10. 
mv for 1000-cps input. If the output of the FPAC is: 
applied to the 800-kQ resistor at (g), a current 1, will 
flow as indicated in Fig. 11. If the constants are deter-' 
mined so that 40 volts output is obtained for 1-kc input, ’ 
then i,=i, and the error voltage across the 200 2 will be! 
zero. The error function may be obtained from this: 
point with a microvoltmeter. If the latter is set for 100! 
uv full scale, then a full scale deviation will indicate a! 
1 per cent error. Error to +0.1 per cent accuracy may 
be measured by this method. 
: 
Adjustments 


Final adjustments of the FPAC are made by adjust-? 
ing the phantastron control for initial condition e= Epo 
when t=8, and adjusting the zero control for e= E/10' 
when ¢=108. These two initial conditions occur when’ 
the frequency input is 1000 cps and 100 cps, respec-? 
tively. A fixed adjustment on é is made in order to! 
minimize the error function of Fig. 12. } 

The FPAC was actually built with fourteen approxi- 
mating sections so that a higher range of frequencies 
may be accommodated. The upper limit is actually 1500 
cps, thus allowing good operation around 1 kc. The error 
function is plotted in per cent of 2-full scale (which is at 
Like), 


Error in 
percent 
of 2/3 
scale 


ee 
1500 


200 400 600 800 1000 1200 


: Tektronix 
Aa eens Eafe 551 
Turbine Scope 
type 
Flowmeter 


Fig. 13—Test setup of flowmeter response. 
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results of Tests 


| Accuracy: Error function of Fig. 12 was obtained by 
plotting the difference between the FPAC and the Pulse 
“onverter vs input frequency. The error is not more 
han +0.25 per cent of 3-full scale (where full scale is 
500 cps) anywhere from 0 to 1500 cps. 

Drift: Zero drift of the system is in the order of 0.5 
per cent for normal long time measurement. This is 
saused mainly by variations in cathode emission of the 
jour cathode followers cascaded in the Sample, Hold, 
und Biased Cathode Follower Circuits. This variation 
may be reduced by using regulated filaments. 

Test Results: The FPAC was used to compute the 
uverage frequency for each cycle of a turbine-type flow- 
meter. Fig. 14 shows the output of the flowmeter (input 
co FPAC) on the lower trace, and the output of the 
FPAC on the upper trace, both as a function of time. 
The flowmeter was excited from zero flowrate by a 
sudden blowing into it. Note that each step represents 
a flowrate which is an average of the cycle just preced- 
ing it. 


Fig. 14—FPAC readout of flowmeter. Horizontal, 20 msec/cmt 
Upper curve, output of FPAC, 250 cps/cm. Lower curve, output 
of flowmeter, 20 volts/cm. 


Fig. 15—-FPAC vs Pulse Converter response. Horizontal, 50 msec/ 
cm. Upper curve, output of FPAC, 400 cps/em. Second curve, 
output of pulse converter, 400 cps/cm. Lower curve, output of 
flowmeter, 10 volts/cm. 


Fig. 16—FPAC readout of flowmeter. Air flow off axis. 
Horizontal, 200 msec/em. Vertical, 125 cps/cm. 
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Fig. 15 shows the simultaneous outputs of the flow- 
meter on the lower trace, of the Pulse Converter am- 
plified by a chopper stabilized amplifier on the middle 
trace, and of the FPAC on the upper trace. The test 
setup is shown in Fig. 13. Note the relatively poor re- 
sponse of the Pulse Converter and its inaccuracy in the 
transient state. The ripple seen on the trace is 60-cycle 
noise. 

Fig. 16 shows the output of the FPAC when a turbine- 
type flowmeter whose blades are not evenly spaced was 
used. The blade misalignment causes a variation in 
period of the flowmeter output, which appears as a 
varying frequency. This causes the apparent double 
trace. Note that the apparent spacing of the blades 
changed at higher flowrates. The flow of air was in- 
jected at an angle off axis to the flowmeter. This may 1n- 
dicate chattering and/or change in axial position of the 
turbine. 

Fig. 17 shows the sum of a 1-kc and a 60-cps sine wave 
and the corresponding variation of frequency as com- 
puted by the FPAC. The base line represents zero fre- 
quency for the upper trace. Fig. 18 shows the output of 
the FPAC when music from an FM receiver was im- 
pressed on its input. This photo is meant to illustrate its 
immediate response. Fig. 19 shows the front view of the 
FPAC unit. 


Fig. 17—FPAC readout of composite waveshape. Horizontal, 
10 msec/cm. Vertical, 20 volts/cm, 


Fig. 18—FPAC Readout of music. Horizontal, 20 msec/cn. 
Vertical, 10 volts/cm. 


Fig. 19—FPAC unit. 


| 
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| 
CONCLUSIONS Let | 
The FPAC is a useful instrument for converting a P = io(2n + 1)/Ceo, QO = ion(n — 1)/C. 
varying frequency into a voltage proportional to the Th | 
frequency without a time lag (as is necessarily obtained en 
with an averaging type converter). The output of the ip d 
; i : : : : i Ds a t 
computer is a dc level which is recorded immediately Gace = Et Bs) | US, 
following the end of a cycle and is held at that level for He 
the length of time of the next cycle. Accuracy of the —=0Q- Pe, 
system is better than +0.5 per cent of 3-full scale. dt 
It may be used to study frequency components of de 
composite waveshapes. Peer er ects 
It is a useful instrument (supplying substantial volt- 
age) for use with turbine-type flowmeters, and may be de eg ie): 
used to determine their transient response. e— QO/P , | 
log. (e — O/P) = — Pi+ Ki, 
OTHER FUNCTIONS 8 ( 0/P) ne 
, e-— O/P = Koe**, 
Two other functions may be generated utilizing the oh p ae 
k/t function generator. The function log. (¢), t>a, may e = (O/P) + Ke’. ; 
be generated by integrating k/t as shown in Fig. 20. 
Logarithmic time generators may be accomplished in At 
other ways [4]. i = 8, e= Ey. 
The function 1/#?, t>a may be generated by dif- de 
ia eee, : : Eo = P) + Koes ® 
ferentiating k/t as shown in Fig. 21. (See Berwin [5] Da Ea Scr 
for methods of differentiating.) Ko = (Ko OE) enn: 
Cao (0/7 P) (Bo 0k ema 
APPENDIX I| Combini 
Dignie ombining: 
An instrument called the Digiflo, developed at poe ee eon(n — 1) ae E ae. oe] e— 2nt1) (1-8) [RoC 
Rocketdyne, accepts information from one (or two) (2n + 1) (2n + 1) 


turbine-type flowmeters, counts digitally the time inter- 
val of one (or several) complete revolutions of the flow- 
meter(s), and displays a number proportional to this 
time interval on two types of readouts: 1) Nixie type 
numerical indicating tubes (which may be photographed 
on a strip film camera (Fig. 24) and, 2) a coded wave- 
shape current which drives a galvanometer in an oscil- 
lographic recorder. This instrument is presently being 
used at Rocketdyne. 

Fig. 22 shows the block diagram of the Digiflo, Fig. 23 
shows its coded output, and Fig. 24 shows its front view. 
(See Berwin [3].) 


APPENDIX II 
Calculation of @actual 


The equation of potential across the capacitor is 
actual = dP a (176) f tacwaniat: 


From Table I, 
inct = tol (¢/e0)(2n + 1) — n(n — 1)], 


act = Jee >a (1/C) f in| (e/eo)(2n a 1) di 


1 


APPENDIX III 
Other Methods of Generating e=k/t 


1) The function y=k/t, t>0 may be realized with a 
multiplier as in Fig. 25. 

2) The function y=1/(¢+1) or y=k/t, £>0 may also 
be realized with a squaring transfer function. 


The equation of the analog computer of Fig. 26 is: 


Mirae: 
Rema aU: 
Assume 
weit. 
then 
j= — 1/0, 
Veale 
substituting, 
— 1/(@) + 1/8 = 0; 
therefore, 


y = 1/1, 0 


is a solution. y=1/(t+1) is also a solution. The 
squaring circuit may be a diode approximation cir- 
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cuit or a thyrite approximation circuit [6]. 
3) The function 1/(¢+1) may be approximated to 
0.36 per cent by the following equation: 


1 


fee = € °-*78* F 2.0673 — (0.476¢ + 0.0682) e-9-782!, 
jae 41 

This equation was obtained with an IBM com- 
puter program used at Rocketdyne, a Division of 
North American Aviation. 


k/t 

* y s< 

Function ! aS 108 ¢ t, en 
enerator 


Fig. 20—Generation of log, ¢, £>0. 
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Fig. 25—Alternate k/t Function Generator using multiplier. 


4) The function 
Ds Aye-Kit 
1 


may be used to generate the desired equation to 
good accuracy. if n is large enough. 
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Fig. 2i—Generation of 1/#?, t>0. 
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Fig. 23—Coded waveshape oscillograph output. 


Fig. 24—Digiflo unit. 


Fig. 26—Alternate k/t Function Generator using square circuit. 


70 IRE TRANSACTIONS ON ELECTRONIC COMPUTERS 


APPENDIX IV 


Extending Transient Response of Turbine-Type Flow- 
meters Utilizing the FPAC 


Since the output of the FPAC is proportional to the 
angular velocity of the lowmeter turbine, the difference 
in level of successive steps is proportional to the deriva- 
tive of the angular velocity (7.e., the acceleration term 
6). If the angular velocity of the turbine may be de- 
scribed by 


I6 + c6 = F(t, v) 

where J is the moment of inertia, c is the frictional com- 
ponent, F(¢, v) is the force driving the turbine (a function 
of time and flowrate), then F(t, v) may be computed 
simply by adding the proper proportions of 6 and 6. 

It would be an ideal situation if F were a linear 
function of flowrate v, for then the sum J6+c6 would be 
truly proportional to v(t). Unfortunately, this is not the 
case. However, the inertia term could be largely reduced 
if the 8 term were used to supply or remove energy from 
the rotation of the turbine. For example, let us dif- 
ferentiate the output of the FPAC with a transfer func- 
tion (7.S/TS+1). Then pulses are obtained whose am- 
plitudes are proportional to 6. These pulses may be 
applied so that positive pulses will increase and negative 
pulses will decrease the angular velocity of the turbine. 
See Fig. 27 for a possible method to accomplish this. 


INPUT 


Mare 


The system shows the output of the FPAC different 
ated, amplified and separated so that energy is adde 
if the signal is positive and subtracted if negative. Th 
control circuitry is used to gate alternate pulses out s 
that alternate steps are functions of flowrate only, an 
the others are functions both of flow and the added c 
subtracted energy. Maximum achievable response tim 
would be the time required for two blades to pass. |] 
the blades are not perfectly aligned it may be necessar 
to consider sampling times of every revolution rathe 
than every blade. Since F(t, v) is generally a nonlinea 
function, it would probably be impossible to increas 
the transient response by this method to more than fiv 
times. Fig. 28 shows the schematic diagram of the FPAC 


Control 


Circuit 


K add energy 


S ls -4_) light source 
photoelectric 


pickup 


Fig. 27—Possible scheme to increase transient response of 
turbine-type flowmeters. 
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Fig. 28—Frequency-to-Period-to-Analog Computer. 
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Editor's Note—In contemplating the large amount of factual 
information, impressions and statistics which our delegation 
obtained in the two weeks we spent in the Soviet Union, it 
seemed advisable to me to present this material by topic, 
rather than to recite it in the chronological order of collection. 
Therefore, I have arranged the information under subject 
headings which appeared to be fitting. For this reason much of 
the text which follows represents my own wording, although 
each delegate may recognize phrases, sentences, or entire sec- 
tions as being his own. 

Because of the difference between the Roman and Cyrillic 
alphabet, the rendition of Russian names into English is sub- 
ject to considerable variation. In this report I have attempted 
to use consistently the system of transliteration adopted by 
the United States Board on Geographic Names. In many in- 
stances the names of the Russians we met were available to us 
in both Cyrillic and the Roman alphabets; consequently, I 
have been able to verify the English rendition. 

From visits of previous groups to the Soviet Union and 
from open literature sources, a certain amount of information 


about Russian computer development has gradually been ac- 
cumulated. In order to maximize the effectiveness of our visit, 

the delegation made a strong effort not to investigate those 
areas which previously had been described. However, in order 
to make this report comprehensive within itself, I have taken 
the liberty of including a small amount of material from other 
sources. In particular, I have carried forward some of the in- 
formation obtained by the Scott, Carr, Perlis, Robertson group | 
which visited the Soviet Union in August, 1958.1 | 

I have also checked a few other references in an effort to 
reduce conflicts between our information and that previously 
reported. It is hoped that this present report represents an es- ! 
sentially correct picture of the Soviet computer field as it is 
visible to visitors from the western world. 

I have elected to report in a positive and definite style, but 
there is, of course, always a possibility that our factual ma- ( 
terial may be wrong. Among other things, the difficulty of 
communicating across a language barrier introduces uncer- 
tainties into the information. ! 

—W. H. WARE 


Summary—The paper presents a factual account of the trip of 
the 1959 U. S. technical delegation in computers to the Soviet Union. 
It includes the itinerary, descriptions of specific Soviet computers, 
descriptions of certain computing centers, a discussion of Soviet com- 
puter-oriented education, and a description of current circuit and 
component development. In appendices are given the instruction 
repertoire of the URAL-I and the URAL-II machines, and an anal- 
ysis of some magnetic cores. The paper is extensively illustrated 
and contains a bibliography of relevant Soviet documents. 


“... let us scientists continue to exchange information 


in friendship and peace.” 
—From a Russian toast 


ORGANIZATION OF THE REPORT 
Aiea report has been divided into the following 


major sections: 


History of Delegation, p. 72; 
Itinerary, p. 73; 

Organizations, p. 77; 

Specific Machines, p. 85; 

Other Machines, p. 98; 

General Development of Machines, p. 98; 
Applications, p. 98; 

Circuits and Components, p. 103; 
Major Machine Components, p. 105; 
Education, p. 107; 

Chinese Developments, p. 109. 


* Manuscript received by the PGEC January 11, 1960. 
_ | The RAND Corporation, Santa Monica, Calif. For the affilia- 
tions of the individual contributors, see the text. 


Under “Organizations” is also included a certain amount 
of technical material of a miscellaneous nature whict 
did not conveniently fit into other sections. ) 

HISTORY OF THE DELEGATION : 

As a result of negotiations between the Nationa’ 
Joint Computer Committee of the United States ané 
the Academy of Sciences of the Soviet Union, ar 
arrangement was concluded whereby a Russian dele- 
gation would visit this country in April of 1959, and 
an exchange American delegation would visit the Soviet 
Union in May of 1959. From April 19 to May 1 the 
Russian Delegation of seven visited approximately 
twelve factories, installations, research establishments, 
and other activities in the United States. The details of 
this group’s itinerary and discussions have been pub- 
lished separately.? 

Because the exchange had been arranged in the name 
of the National Joint Computer Committee as a repre- 
sentative of the computer societies of the United States, 
and because this was an exploratory trip, it was consid- 
ered desirable that each of the three societies which com- 
prise the National Joint Computer Committee, as well 

11) “Status of Digital Computer and Data Processing Develop: 
ment in the Soviet Union,” ONR Symp. Rept., ACR-37, Washington, 
D. C., November, 1958; and 2) Carr, J. W. and Perlis, A. J., “A visit 
to computation centers in the Soviety Union,” Commun. Assoc. for 
Comp. Mach., vol. 2, no. 6, pp. 8-20, 1959. , 

2 E. M. Zaitzeff and M. M. Astrahan, “Russian Visit to U. S. 
Computers,” Commun. Assoc. for Comp. Mach., vol. 2, pp. 4-11) 


November, 1959. Also published in IRE TraNs. ON ELECTRONIC 
Computers, vol. EC-8, pp. 489-497; December, 1959. 
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Name 


Morton M. Astrahan 
Samuel N. Alexander 
Paul Armer 
| Lipman Bers 
Harry H. Goode 
Harry D. Huskey 
Morris Rubinoff 


Willis H. Ware 


A ffiliation 


National Bureau of Standards 
The RAND Corporation 


University of California 
Philco Corporation 


The RAND Corporation 


International Business Machines Corporation 


Institute of Mathematics, New York University 
University of Michigan, Bendix Systems Division 


Representing 


Chairman of the delegation, Past Chairman of NJCC 

United States Government Agencies 

Vice Chairman, NJCC 

Interpreter 

Chairman, NJCC 

Vice Chairman, Association for Computing Machinery 

Chairman, Computing Devices Committee, American 
Institute of Electrical Engineers 

Chairman, Professional Group on Electronic Compu- 
ters of the IRE 


the NJCC itself, should be represented on the delega- 
n. Six of the eight members of the delegation were 
erefore officers of the NJCC or its member societies, 
a representative of one of these. The two other posi- 
pns were a representative of the many government de- 
urtments which participated in the Russian visit to 
‘is country, and the interpreter for the group. The dele- 
ition was fortunate in having as a member Professor 
(ipman Bers of New York University; because of his 
ersonal stature as a mathematician and his fluent 
Fviedge of Russian, we were able to obtain insight 
ito Russian mathematics and social life.’ 

The members of the delegation are listed above. 
1 addition, Mesdames Astrahan, Alexander, Armer, 
uskey, and Ware accompanied the group. Each mem- 
sx of the delegation was financially supported by his 
wn organization, or by a special grant from the govern- 
ent. Each wife paid her own way. 

In an international exchange of this kind, it must be 
cognized that the difference in language is a serious 
arrier to the interchange of information. While the 
slegation had available the finest of interpreters, and 
hile the translating in general was very good, in all 
ses the necessity of communicating across a language 
arrier hindered the free flow of ideas. It was apparent 
1 many occasions that an inadvertent mistranslation 
“a single word changed the meaning of a key sentence, 
- misdirected the entire conversation. For this reason 
was often necessary to rephrase and repeat a ques- 
on several times in order to convey the proper implica- 
on. If information set forth in this report differs seri- 
usly from that reported elsewhere, there is, in addition 
) the difficulties imposed by the language difference, 
1e possibility that some of the work in question is still 
<perimental and therefore may have changed since an 
utlier report. © 


ITINERARY 


The delegation arrived at Vnukovo Airport, Moscow, 
- approximately 10:35 p.m., Sunday, May 17, 1959. 
Je were met by our host, Academician Sergei A. 
ebedev (Fig. 1), and three members of his Institute: 
ictor K. Zeidenberg and Aleksei S. Fedorov, electri- 


’ Professor Bers used the occasion to establish contact with 
athematicians in the Soviet Union. A copy of his report can be ob- 
ined by writing to him. 


Members of the American Delegation 


Fig. 1—Academician S. A. Lebedev. 


Fig. 2—Technical guides. (Left to right) Aleksei Fedorov, 
Anna I, Martynova, Victor Zeidenberg. 


cal engineers, and Miss Anna I. Martynova, a linguist 
(Fig. 2). The men were transported to the Hotel Sovet- 
skaya by bus, while the women and Miss Martynova 
traveled to the hotel by car. It is appropriate at this 
point to express publicly the gratitude of the delegation 
to their host, and to the technical guides who were to 
make the stay of the delegation in Russia so pleasant, 
so cordial, and so memorable. 


Monday, May 18 


After the necessary but time-consuming exchange of 
dollars into rubles, the group traveled to Academician 
Lebedev’s Institute of Precise Mechanics and Comput- 
ing Techniques, which is located at 51 Leninskiy 
Prospekt in the southwest section of Moscow. In the 
morning the work of this Institute was discussed in a 
general fashion, and a visit was made to the BESM-I 
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installation. Following lunch we visited laboratories 
working on the following topics: 


1) Transistor parameters, 
2) Transistor circuits, 

3) Core materials, 

4) Core switching time, 
5) Thin magnetic films, 
6) Magnetic circuits. 


We met or spoke with the following people: 


I. S. Mukhin, Deputy Director of the Institute; 
V. A. Melnikov, Engineer; 
V. V. Bardizh, Engineer; 
P. P. Golovistikov; 
Yu. I. Sharapov; 
Vasilev. 


Tuesday, May 19 


The group visited the Moscow Computing Center of 
the Soviet Academy of Sciences. This organization and 
part of the Steklov Institute for Mathematics‘ share a 
building at 

Akademichesky Proezd 
Dom No. 28 
Moscow V-134. 


We discussed the work of this organization and visited 
the URAL-I, the STRELA-III,° and the BESM-II in- 
stallations. We met or spoke with the following people 
Chiao 3))i: 


A. A. Dorodnitsyn, Director of the Computing 
Center, Aerodynamicist; 
V. A. Ditkin, Deputy Director of the Computing 


Center; 

V. M. Kuzochkin, Head, Programming Labora- 
tory; 

A. P. Yershov, Head, Theoretical Programming 
Department; 


V. P. Smizyagin, Chief Engineer; 
P. T. Chushkin, Scientific Staff Worker in Aero- 
dynamics and Gas Dynamics. 


4 It is frequent in Russia for an organization to be named in honor 
of an important personage. This is done by coupling the name of the 
institute to the name of the person with the word “imeni” which 
means “in the name of.” The proper name of the Steklov Institute is, 
therefore, the Institute of Mathematics imeni V. A. Steklov. Fre- 
fiuently such long titles are shortened by using the man’s name to 
describe the institute. Another example is that of Moscow State Uni- 
versity imeni M. V. Lomonosov, which is frequently called simply 
Moscow State University or, sometimes, Lomonosov University. On 
other occasions an institute is referred to by the title of its Director. 
For example, the Institute of Precise Mechanics and Computing 
Techniques is sometimes referred to as Lebedev’s Institute, although 
this particular case creates confusion because of the Institute of 
Physics imeni P. N. Lebedev. 

5 Occasional references in the literature have suggested that dif- 
ferent versions of the STRELA machine exist. For instance, in 
Datamation, vol. 5, no. 4, p. 14, reference is made to the STRELA-III 
machine installed at the Academy Computing Center. Other refer- 
ences in the literature mention a STRELA-I, a STRELA-II and a 
STRELA-IV. 


M. are 


Fig. 3—Personnel at the Academy of Sciences Computer Cente 
(Top, left to right) A. A. Dorodnitsyn, A. Fedorov, 
Smizyagin, A. P. Yershov, P. T. Chuskin. (Bottom, left to righ 
A. A. Dorodnitsyn, V. A. Ditkin, V. M. Kuzochkin, A. P. Yersho 


Following lunch the group split into two parts. Ber: 
Goode, Rubinoff, and Ware discussed with G. EF 
Linkovsky his theory of the memory function in th 
human brain. The rest of the group visited and hear 
described the BESM-II. 


Wednesday, May 20 


In the morning the group visited the Institute fo 
Scientific Information in Moscow, located at Baltii 
skaya Ulitsa 14, and discussed its work on informatio! 
storage, retrieval, and dissemination. We discussed a 
some length plans for automating these functions wit! 
Professor L. I. Gutenmakher. We met or talked with th 
following people: 


Professor A. I. Mikhailov, Director, All-Union In 
stitute of Scientific and Technical Informatio: 
(VINITD; ’ 

Professor L. I. Gutenmakher, Head, Laborator: 
for Electro-Modeling; 

B. M. Rakhov; 

——— Cherny. 


In the afternoon the group reconvened at the Insti 
tute for Precise Mechanics for a discussion of languag 
translation. We met or talked with the following people 


I. S. Mukhin, Deputy Director of the Institute i 
charge of language translation research; 

V. V. Ivanov,® Head, Language Translation grour 

——— Korder, Assistant to Mukhin; 


6 Affiliation uncertain. He may be a general consultant to IPMC 
and also affiliated with The Institute of Language Studies of tl 
Academy of Sciences, with the Committee for Applied Linguistics | 
the Academy of Sciences, with Moscow State University, and wit 
the Institute of Pedagogical Sciences. 


V. V. Parshum,’ German to Russian translation; 

G. A. Volchek, Japanese to Russian translation; 

(Mrs.) T. M. Nikolayeva, Russian to other lan- 
guages translation; 

V. A. Voronin, Chinese to Russian translation; 

Bobitsky,* Russian to other languages 
translation; 

(Miss) A. I. Martynova, English analysis (one of 
our technical guides and the principal Soviet in- 
terpreter) ; 

(Mrs.) G. P. Zelenkevich, Mathematician; 

N. L. Korolev, Mathematician; 

M. B. Yefimov, Japanese to Russian translation. 


| 


hirsday, May 21 


|The group again split. Goode and Rubinoff visited the 
astitute for Automation and Telemechanics at 15A 
jalanchevskaya UIl., Moscow 15. They discussed ana- 
computing devices and developments in switching 
.eory and remote control. They met or spoke with: 


Boris S. Sotskov, Deputy Director; 

A. M. Gavrilov, Senior Professor; 

B. Y. Kogan, Engineer; 

Petrovskiy, Secretary of the Institute; 
Parkhomenko; 

Gruenberger, Staff Engineer; 

G. K. Moskatov. 


lhe rest of the group visited the Lomonosov campus of 
loscow State University and its computing center. The 
ork of this computing center was discussed and the 
TRELA and SETUN installations were visited and 


escribed. We met or spoke with the following: 


Academician S. L. Sobolev, Head, Computing 
Chair, MSU; 

I. S. Berezin, Director of the Computing Center; 

M. R. Shura-Bura, Professor of Numerical Anal- 
ysis; 

N. P. Zhidkov, Professor and Senior Scientist; 

N. P. Brusenzov, Chief Engineer of the SETUN 
machine. 


The Director of Moscow State University was host to 
1e delegation at a formal luncheon in the university. 
t this time we met or spoke with the following people: 


Academician I. G. Petrovskiy, Rector, Moscow 
State University; 

N. P. Zhidkov, Professor and Senior Scientist; 

Academician I. M. Gelfand, Professor of Mathe- 
matics, MSU; 

Academician I. R. Shafarevitch, Professor of 
Mathematics, MSU; 


7 Spelling uncertain. May be Parshin. 
8 Spelling uncertain. May be Barbitsky. 
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Academician S. L. Sobolev, Head, Computing 
Chair avis 

Ye. M. Landis; 

I. S. Berezin, Director Computing Center, MSU; 

Nikiforov, Head, Foreign Department, 
MSU; 

M. R. Shura-Bura, Professor of Numerical Anal- 
ysis. 


The part of the delegation which had visited the Insti- 
tute for Automation and Telemechanics arrived in time 
to join the luncheon. 

In the evening, Academician and Madame Lebedev 
were host to the delegation at their Moscow apartment. 
Following an outstanding example of Russian hospi- 
tality, the group departed on the overnight Red Arrow 
Express for Leningrad. 


Friday, May 22 


The delegation visited the Computing Center of 
Leningrad University which is physically located in the 
building of the Institute of Mathematics and Mechan- 
ics. The address is: 


Fak. Vychislitel’nyy Tsentr 
Matiko-Mekhanicheskiy 

10 Pinikh D. 33 

Leningrad, B-178 B. O. 


We discussed at some length the curriculum for training 
of computer-oriented mathematicians. We later visited 
installations of the URAL-I, the EV-80, the MN-M and 
the MPT-9 analog machines. We met or spoke with the 
following people: 


Professor S. V. Vallander, Director, Institute of 
Mathematics and Mechanics, Hydrodynamicist; 

M. K. Gavurin, Deputy Director, Computing Cen- 
ter, Professor in the Theory of Functions; 

A. N. Baluyev, Second Deputy Director, Comput- 
ing Center; 

Bulovsky, Research Assistant, Program- 
mer, Statistician; 

S. Ya. Fitialov, Research Associate, Programmer 
interested in Mathematics and Linguistics; 

Professor D. K. Fadeyev; 

Mme. V. H. Fadeyeva; 

Mme. O. A. Ladyzhenskaya, Mathematician, inter- 
ested in partial differential equations; 

Professor S. G. Mikhlin, Mathematician, interested 
in integral equations; 

Professor M. L. Tsetlin, Logician, interested in the 
Theory of Automata. 


Saturday, May 23 


The group visited the former summer palace of the 
Czars at Peterdvorets. In the afternoon we visited other 
historical sights around Leningrad. Saturday evening we 
returned by overnight express to Moscow. 
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Sunday, May 24 


In the afternoon the group visited the Kremlin and, in 
addition to the more usual tourist sights, were privileged 
to have special permission to see the Great Palace of the 
Kremlin. 


Monday, May 25 


The group split into three sections. Armer met pri- 
vately with Yershov to discuss matters of programming 
and operation of the Academy Computing Center. 
Ware met with a group of BESM engineers to discuss 
general matters related to design philosophy, reliability, 
components and so forth. He spoke with: 


V. V. Kobelev, 
V.S. Burtzev, 

V. Ya. Alekseyev, 
M. V. Tyapkin, 
ViiNe Laut: 


The rest of the group left by plane for Penza to inspect 
the computing machine factory and to see the URAL-I 
machine in production. (Address: Wavod Schetno 
Analicheskikh Mashin, Penza.) They also saw the proto- 
type of the URAL-II and learned its characteristics. 
They met or spoke with the following: 


A. Matkin, General Manager; 

A. Buanov, Deputy General Manager; 

M. Stepanov, Engineer of Soviet Production; 
M. Ivanov, Engineer of Regional Production; 
D. Pavlov, Engineer; 

I. Rameyev, Chief Design Engineer. 


WPpd<< 


Tuesday, May 26 


The group reconvened at the IPMCT for a round- 
table discussion. Such topics were discussed as digital 
differential analyzers, the relation between digital dif- 
ferential analyzer and general-purpose machines, the 
inter-connection of computing machines by communica- 
tion networks, reliability of transistors, machine or- 
ganization, etc. The people whom we met and spoke 
with are as follows: 


Bachin, 

F. Berezhnoy, 
P. Golovistikov, 
N. Chentsov,? 
u. I. Sharapov, 
Kalashnikov,? 
Neslukhovskiy, 
Tyapkin, 
Laut, 
Kuzmichev, 
O.: K. Shcherbakovy, 
V. Ya. Alekseyev, 


E. 
both 
N. 
NG 


Ge 
K.S. 
M. V. 
V.N. 


9 Jnitials uncertain. 


Galskiy, 
P. S. Oraevskiy, 
Pitkevich, 
V. V. Kobelev, 
V. V. Bardizh. 


Wednesday, May 27 


In the morning and early afternoon the group visited) 
a facility of the Moscow Computing Machine factory 
where we saw and heard described a hitherto undis-| 
closed machine, the M-20. We met or spoke with the fol- 
lowing people: 


I. I. Konyakhin, Director of the facility; 


M. K. Sulim; 
Kondramov; | 
A. A. Solovev. 4 


We again were treated to Russian hospitality with a, 
sumptuous luncheon served in the Director’s office. 

Late in the afternoon the group flew to Kiev where, 
they were met by a party from the Computing Center of. 
the Ukrainian Academy of Sciences and driven to the 
Hotel Ukraina. 


Thursday, May 28 | 


The group visited the Kiev Computing Center of the 
Ukrainian Academy of Sciences located at: | 


Bolshaya Kitayezskaya 115 
Kiev 28. 


We discussed the work of the computing center and, 
learned of some of their automatic programming work. 
We also visited and had described the KIEV computing 
machine, a special purpose analog computing machine, 
the SESM computer, and some experimental work in 
character recognition. 

We saw or spoke with the following people: 


V. M. Glushkov, Director, Computing Center, 
Academy of Science, Ukrainian SSR; 

B. N. Malinovskiy, Proxy of the Director of Scien- 
tific Matters, Candidate of Technical Sciences; 

A. I. Kondalyev, Scientific Secretary, Candidate of 
Technical Sciences; 

G. E. Pukhov, Head of Department, Doctor of 
Technical Sciences; 

L. N. Dashevskiy, Head of the Department (in 
charge of KIEV machine), Candidate of Techni- 
cal Sciences; 

Yu. V. Blagoveshchenskiy, Chief Scientific Associ- 
ate, Candidate of Technical Sciences; 

V. N. Ostapenko, Chief Scientific Associate, Candi- 
date of Physico-Mathematic Sciences; 

E. L. Yushchenko, Head of Department, Candi- 
date of Physico-Mathematic Sciences; 

Z. L. Rabinovich, Chief Scientific Associate, Candi- 
date of Technical Sciences; 
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V. E. Shamanskiy, Head of Department, Candi- 
date of Physico-Mathematic Sciences; 

[. T. Parkhomenko, Chief Engineer (acting); 

Yu. T. Mitulinskiy, Chief Engineer; 

V. A. Kovalevskiy, Chief Scientific Associate, Can- 
date of Technical Sciences; 

V. I. Shurikhin, Chief Scientific Associate, Candi- 
date of Technical Sciences; 

N. N. Pavlov, Junior Scientific Associate, Candidate 
of Technical Sciences; 

R. Ya. Chernyakh, Candidate of Technical Sci- 
ences; 

V. V. Kraynitskiy, Chief of Department. 


That evening we were the guests of Dr. Glushkov and 
ther members of his organization at the Dynamo Res- 
jaurant in Stadium Park in Kiev. 


Triday, May 29 


_ The group returned by air to Moscow and spent the 
balance of the day preparing for departure. 

_ That evening a farewell dinner was given for the dele- 
is and their wives by Academician and Madame 
Lebedev at the Hotel Ukraina. In addition to the Lebed- 
avs, the U. S. delegates and their wives, the technical 
zuides and interpreters, also present were Professor Dit- 
<in; Mr.-Bardizh; Mr. V.S. Petrov, Director of the Mos- 
sow Computing Machine plant; and Mr. P. S. Oraev- 
skiy, Staff of the Presidium Office of the USSR Academy 
of Sciences. 


Saturday, May 30 


The delegation departed from Vnukovo Airport, 
Moscow, via Aeroflot TU-104A Jets, some of the party 
proceeding to Copenhagen and the remainder to Amster- 
Jam. 

It is interesting to note that the only locations where 
the group was requested not to take photographs were 
the computing machine factories at Penza and at Mos- 
cow, the Institute of Automation and Telemechanics, 
uirports, and coastal locations. At no time was there any 
restriction on making notes. A number of the photo- 
xraphs which were taken by various members of the 
xroup have been included with this report, in order to 
Illustrate some of the machines seen and some of the 
new developments in Soviet computer technology. 

In judging the quality of the pictures included in 
this report, bear in mind that conditions for photogra- 
phy were not always ideal. Some of the illustrations are 
reproduced from 35-mm color slides, and others are 
reproduced from black and white negatives taken by 
subminiature cameras, or from black and white prints. 
In some cases a picture is an enlargement of a portion 
of the original. It is hoped that the illustrations, though 
not always technically excellent, will contribute to a 
sense of familiarity with Soviet personnel, places, and 
machines. 
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ORGANIZATIONS 


The Institute of Precise Mechanics and Computing 
Techniques 


This was the host Institute to our delegation (Fig. 4). 
Prior to coming to this Institute as its Director, Aca- 
demician Lebedev was at the Kiev Academy of Sciences 
and was responsible there for the construction of the 
MESM digital computing machine, said by the Kiev 
workers to be the first electronic computing machine in 
continental Europe. Subsequent to his coming to Mos- 
cow as Director of IPMCT, Academician Lebedev has 
been responsible for the development of the BESM-I, 
BESM-II, and other machines. 


Fig. 4— The Institute of Precise Mechanics and Computer 
Techniques. Inset: the Institute Address Emblem. 


The building itself is reminiscent more of an academic 
building than an industrial building. It is equipped with 
the usual offices and laboratory facilities as well as a 
large lecture hall. Within an office the decor tends to be 
ornate; the entrance door is frequently padded on both 
sides with what appeared to be leather, and heavy 
drapery usually hung across the doorway and at the 
windows. The ceiling height was somewhat higher than 
that of contemporary American construction, but we 
felt in general that working conditions in the offices and 
in the laboratories were good. There appeared to be an 
adequate amount of room and the workers were com- 
fortably supplied with material and equipment. The 
building was constructed in 1951. Many things testified 
to the steady and heavy usage which it has received. In 
Russian tradition, the floor is parqueted and of unfin- 
ished oak. As in nearly every building, there are two sets 
of permanent windows for weather protection. 

Most of the discussions which took place at IPMCT 
fit naturally into other parts of this report; however, the 
discussion of the second Tuesday afternoon was so het- 
erogeneous that it is included here. This discussion 
had been suggested by Lebedev in order to give a large 
number of his staff an opportunity to exchange informa- 
tion with the delegation. During a discussion of digital 
differential analyzers it was indicated that the interest 
at IPMCT in this device was as an adjunct to a general- 
purpose digital computer, The opinion was expressed 
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that the DDA might be a very useful device to process 


input information for certain kinds of problems to be 
handled by a general-purpose machine, e.g., partial dif- 
ferential equations. Such a capability might be added to 
the BESM-II. They were familiar with the American 
literature on this subject, and asked by name about 
the TRICE machine. Other unnamed institutes in Rus- 
sia are actively engaged in designing and constructing 
digital differential analyzers. 

In a discussion about the structure of machine in- 
structions, Lebedev commented that they had in the 
past preferred 3-address instructions; but since larger 
stores and longer addresses have appeared, they now 
tend toward single-address instructions because the 
word length for a 3-address format becomes too long for 
the precision needed in the arithmetic. They have made 
an analysis of a number of problems which shows that 
most machine operations are 2-address in nature; the 
opinion was expressed that a 2-address instruction for- 
mat might be an eventual and reasonable compromise. 

The Institute of Automation and Telemechanics is 
considering combined analog-digital computing systems 
for some of their problems. It has been their experience 
that unacceptable errors accumulate when large prob- 
lems are attempted with an analog computer. Because 
of higher unit costs for digital equipment, more money 
is available for it than for analog equipment. 

IPMCT hopes to improve the speed and Jogical de- 
sign of their machines by using special vacuum tube 
structures for binary adders and switching. They feel 
that ferrites are not fast enough for such special struc- 
tures, nor do semiconductors appear to have a place for 
this purpose. Low-temperature, thin-film magnetic de- 
vices are being seriously considered for more sophisti- 
cated, multiple-element switching devices. 

There seemed to be general agreement between the 
Russian group and the delegation on the techniques for 
faster machines. Suggestions included: simultaneous 
operations such as overlapping the fetch of the next in- 
struction with the execution of the present instruction; 
making slower units work in parallel to feed faster units; 
accelerating fast units by improved circuit techniques, 
or more sophisticated logical devices; inclusion of new 
multiple operation instructions in the machine reper- 
toire; increasing the size and speed of the working store. 
In connection with the size of the working store, it was 
felt by the Russians that so far as scientific calculations 
are concerned, a large store may help programming effi- 
ciency more than it contributes to increased machine 
speed. 

We were asked about transistor reliability in our ma- 
chines and we in turn inquired about their comparable 
experience. They referred to a working experimental 
transistor machine elsewhere in Moscow which con- 
tained several thousand transistors. Their life experi- 
ence indicated that a few tens of transistor failures had 
occurred in a few months of operation, of perhaps five 
hours per day. They expect to publish details of this 
machine soon, 
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} 
They have experimented somewhat with computing . 
machines connected to communication lines, but this is , 
not a regular technique. They felt that machines | 
coupled by communication networks is not a technique | 
to be studied of itself. The details of each application | 
would depend on the problem to be solved. Lebedev 
maintained strongly that it does not make sense to | 
share a problem between several machines linked by , 
communication channels, although he did admit that, 
for special purposes it is reasonable to transmit data, 
over lines to the machine. 


The Moscow Computing Center of the Academy of Sciences | 


The Computing Center of the Academy of Sciences | 
was formerly a part of IPMCT. As it expanded, it. 
moved to its own building, of which it now occupies the 
first and third floors (Fig. 5). The second floor is occu-— 
pied by mathematicians of the Steklov Institute. 


About 95 per cent of the machine hours at the com- 
puting center are devoted to scientific and technical 
work. In the course of a year about 100 different insti- 
tutes put problems on the machines. About half of the 
machine time is used by computing center personnel 
themselves, and outside institutes use the other half. 
The outside customers all do their own programming, 
and, for the most part, are physicists and engineers who 
have received training in programtning from the com- 
puting center. At the moment there are approximately 
300 people in the computing center; but it was estimated 
that 1000 people would be required to do all of the pro- 
gramming for the work being done on their machines— 
the STRELA, the URAL-I, the BESM-I, and the 
BESM-II. Apparently the computing center still makes 
extensive use of the BESM-I, even though it is located 
in the nearby IPMCT building. It appears that BESM- 
II, although just finished, provides production time. A 
typical problem was said to be approximately 500 3- 
address instructions and would take about ten days to 
be programmed and coded. In such a problem, ten pro- 
gramming errors would be regarded as a poor showing. 

The general mode of operation is as follows. Program- 
mers from the outside who come to the computing 
center with a problem apply to the scientific secretary 
of the computing center. He assigns someone from the 
computing center to provide any assistance needed by 


| 960 


lhe outside programmer. In general, an operator is pro- 
fided for each machine, and only programmers with 
pecific permission can operate the machine personally. 
Normally a programmer can expect only one code check 
pass per day at a machine; with a very high priority he 
ight get two or three passes. 

_ A programmer is required to submit his manuscript in 
jnk. Examples of manuscripts which we saw indicated 
that often a manuscript is written in pencil until it is 
thought to be correct, and then redone in ink. The man- 
luscript is then key-punched twice, and the two decks 
tompared, before being sent to the machine. The out- 
ut cards are handled on an off-line printer. 

In general there is a reasonable amount of coopera- 
tion between the machine designers and the program- 
ers, with the programmers taking a considerable part 
mn the design of machines. However, their experience 
nas been that in most organizations which received a 
machine a local group of engineers was willing and eager 
to change the character of the machine. In this connec- 
ion it was observed that the interchange of routines for 
STRELA machines was virtually impossible because no 
itwo of the machines were alike. It was also suggested 
ithat the same situation prevails for the URAL-I ma- 
chines. As a result, user organizations do not exist for 
the URAL-I or for STRELA. Dorodnitsyn thought it 
‘was too early to standardize language for the whole 
of the Soviet Union on a specific machine. He suggested 
that they plan to design a large number of machines and 
ito construct enough of each to provide adequate operat- 
ing experience. Perhaps in five years a decision would 
then be made as to which machine and which language 
should be chosen for standardization. 

The computing center’s responsibility is largely for 
scientific and engineering calculations. A government 
scientific technical committee has recently been formed 
and will be responsible for commercial applications of 
computers. Any special machine required for this work 
will presumably be developed by laboratories or insti- 
tutes connected with industry, rather than those con- 
nected with the Academy of Sciences. 


The Moscow State University iment V. M. Lomonosov, 
Department of Mathematics 


Mathematics at Moscow State University (Fig. 6) is 
taught in the Faculty (7.c., department) of Mathematics 
and Mechanics. Most other Russian universities have a 
joint Faculty of Mathematics, Mechanics, and Physics. 
The Dean of the Mathematics and Mechanics Faculty 
is now the fluid-dynamicist N. A. Slezkin, who suc- 
ceeded Kolmogorov. A Mathematics section of the 
Faculty comprises eleven subdepartments or “chairs,” 
each of which was originally occupied by a single pro- 
fessor, but now includes several people. These chairs and 
people in charge are as follows: 

Analysis: N. V. Yefimov® (This chair is the service 
part of the department. It is responsible for the 
teaching of mathematics to non-mathematicians 
throughout the university) ; 
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Fig. 6—Moscow State University. (Top) Front 
view, (bottom) rear view. 


Geometry and Topology: P. S. Aleksandrov; 

Differential Geometry: S. P. Finikov; 

Differential Equations: I. G. Petrovskiy; 

Probability and Statistics: A. N. Kolmogorov; 

Number Theory and History of Mathematics: 
I. M. Gelfand; 

Function Theory and Functional Analysis: D. Ye. 
Menshov; 

Logic: A. A. Markov; 

Computational Mathematics: S. L. Sobolev. (This 
is the Russian equivalent of Numerical Analysis.) 


During the first two years, a student of mathematics 
is not attached to a given chair but takes a standard set 
of courses. After two years he must decide on his spe- 
cialization. In making this decision he is helped by gen- 
eral expository lectures given by a representative of 
each chair. The above list of chairs indicates only a 
partial picture of the overwhelming concentration of 
mathematical talent at Moscow University. For in- 
stance, the Chair of Function Theory and Functional 
Analysis contains, in addition to its leader, such people 
as I. M. Gelfand, G. Ye. Shilov, P. A. Raykov,?® and 
others. L. S. Pontryagin and M. M. Postnikov’® are at- 
tached to the Topology Chair. The mathematics group 
at Moscow State University is equaled only at one or 
two other places in the world. 

In addition to the strong mathematics department at 
Moscow State University, there are prominent mathe- 
maticians connected with other institutions of higher 
learning in the Moscow area. There are also people 
whose primary assignment is elsewhere, but who also 
teach at MSU; for instance, S. N. Mergelyan, director 
-f a computing center in Yerevan, the capital of Soviet 
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Armenia, and some members of the Novosibirsk branch: 


of the Academy of Sciences. 

The mathematicians in Moscow appear to be very 
well informed on the work in the United States. They 
publish a separate journal for translations of foreign 
papers, and large numbers of foreign scientific books 
are translated into Russian and published. 


Computing Center 


The Computing Center organizationally is within the 
Chair of Computing, although it appears to be inde- 
pendent in the sense that it has its own separate funds 
and its own scientific council of representatives from 
other Chairs in the University. Originally the Comput- 
ing Center consisted only of the Chair of Computational 
Mathematics, of which Sobolev is still the head. In De- 
cember, 1956 they received a STRELA machine which 
was characterized as the first computer that had been 
built by Soviet industry. The Center now includes two 
faboratories devoted to different aspects of computa- 
tional mathematics. One of these is a programming lab- 
oratory which is concerned with numerical solutions of 
applied problems and includes several groups: 


Electrodynamics: A. N. Tikhonov; 
Numerical Weather Prediction: I. A. Kobel; 
Gasdynamics: G. I. Petrov;9 

Automatic Programming: M. R. Shura-Bura. 


Shura-Bura’s group is also responsible for the Theory 
of Programming, and for providing computing services 
to other people with problems. They charge 600 rubles 
per hour for the STRELA,’ although the group some- 
times does work for industry at no charge, provided it is 
sufficiently interesting. 

The second laboratory at the Center has just recently 
been formed and concerns itself solely with numerical 
analysis. It is headed by N. P. Zhidkov. 

The Computing Center is responsible for training all 
mathematicians who are specializing in computers. 
Forty per cent of the mathematics students at Moscow 
State University are specializing in numerical analysis, 
but every mathematician must take at least one year of 
numerical analysis and computing mathematics. The 
university provides its own maintenance engineers for 
their machines. 

The university expects to obtain a large, new, indus- 
trially-produced machine in a year or two. Future users 
of this new machine have agreed not to modify it in 
order that an effective interchange of routines might be 
accomplished. At the moment an informal users’ or- 


10 The ruble per dollar ratio is artificial in the sense that there is no 
free market exchange of rubles for dollars. For a tourist or visitor 
within Russia the exchange rate is set by the Government at ten 
rubles to the dollar; however, the ratio for commercial purposes is 
approximately four rubles per dollar. This is partially verified by com- 
paring the airline fares from Western Europe to Moscow with the air- 
line fare from Moscow to the same point in Western Europe. We 
found that the 10:1 rate is more accurate in terms of purchasing 
power; at this rate hotel rooms and restaurant meals are slightly less 
expensive by our standards, but most hard goods are somewhat more 
expensive. 
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ganization of 20 members already exists for it. | 

The lack of an alpha-numeric printer is something of 
a nuisance to the Computing Center, and they hoped 
that such printers will be available for their machines: 
in the reasonable future. | 


The Institute of Automation and Telemechantcs 


It appears that most analog computer developments 
take place at this Institute. It does work not only in the 
development of specific analog computing devices, but. 
also in the field of remote control devices, design of re- 
lay networks, and the design of specific devices to assist. 
in analyzing and synthesizing relay networks. We were 
shown the following devices: | 

1) A chopper-stabilized operational amplifier whose 
drift was 13 mv over 2 hours, or 66 mv over 8 hours. It. 
consisted of an ac amplifier with a 100-cycle to 100-ke 
pass band in parallel with a chopper-stabilized dc ampli- 
fier having a pass band from zero to 100 cycles. | 

2) Function generators. One type was the conven- 
tional diode-function box, sometimes used in the input 
or in the feedback position of an operational amplifier. A 
second type was that with a drum which has on its sur- 
face a wire shaped to the desired function. This tech- 
nique is familiar in the United States. 

3) Limiters. Two types were shown with the char- 
acteristics given in Fig. 7. ) 


—OUTPUT—= 


— INPUT —= 


Fig. 7—Limiter characteristics. 


4) A three-dimensional flight table with a 5-cps re- 
sponse, and amplitudes up to 6 degrees on each axis. 

5) An analyzer machine. This was developed by 
Gavrilov and Parkhomenko. It is intended to examine 
the performance of a given relay circuit to see whether 
it agrees with a previous analysis. It consists of two 
large cabinets, of which the left one is a series of jacks, 
plugs, and wires for simulating a desired test circuit of 
up to 20 variables. The right-hand box contains 480 
three-way switches arranged in 20 columns of 24 each. 
The 20 rows represent the 20 variables of the test cir- 
cuits and the 24 columns represent 24 time steps. These 
switches are set to represent the condition of each vari- 
able at each switching time. A step switch sequentially 
progresses through the 24 time periods, in each of which 
the test in the left-hand box is compared to the state 
set by switches in the right-hand box. The machine 
stops if these do not compare identically, and the de- 
signer can then study the situation to locate the design 
error. At each such stop the machine also punches out a 


-column card indicating the condition under which M 
d stopped. The machine could also simulate “race” 
ditions in relay circuits by inserting time delay de- 
ses of fixed values. This device used relays which had 
tee coils and fifteen contacts, five of which are transfer 
tacts. A new version of this machine will permit in- 
ding time delays which will be variable by six incre- 
nts. This new design will also permit interconnecting 
er devices into the test circuits as well as including a 
nter and other devices to permit analysis of larger 
quential circuits. 
6) A synthesis machine. This machine is intended to 
mthesize a relay circuit which in some sense is a best 
e for carrying out a particular switching function. 
vrilov felt that the algorithms for synthesis are not 
complete or as well known as he would like. How- 
er, he has developed his own theory of synthesis us- 
simple bridge circuits, and can achieve minimal 
rms. A paper on this subject is expected to appear 
Ont 
(7) The error-correction machine. This development 
achine is intended to correct errors at the receiving 
d of a remote control circuit. It is to correct single er- 
irs, to detect double errors, and to be expandable for 
ultiple error correction and detection. The technique 
not that of Hamming, but one which they had devised. 
he message of WN bits is considered as a mathematical 
oup and, therefore, the check bits are not necessarily 
‘stinguished from the data bits. This seems to imply 
iat some form of dictionary look-up or word transla- 
n must be accomplished if the original data is to be 
constructed from this message. The information the- 
‘y measure of the number of bits being transmitted is 
ot being used; two representative bits out of four will 
scur if single and double error correction is done, but 
‘ur representative bits out of four will occur if single 
‘ror correction only is done.!” 
| 8) Remote control device. This is a switching device 
hich has been developed for remote control applica- 
ons. It utilizes square loop ferrite cores, power tran- 
stors, and relays to create a 52- bit switch. It can be 
sed to send several signals along a single twisted pair 
ne for approximately 30 to 40 kilometers without 
mplification. If some degradation is permitted it can be 
sed for about 200 kilometers. The frequency of opera- 
on was not specified, but it is inferred to be of the 
rder of a few kilocycles. This device returns an echo 
gnal to the sending station to verify the correct trans- 
lission of the switching instruction. It apparently uses 
me-division coding, with synchronization either by 
leans of special clock pulses or the alternating current 
ower frequency. 

The analog computing equipment at this laboratory 
ad been built in‘1957 or 1958. This Institute is also do- 


1 Automatika Telemechanika. See also Proc. Symp. on Switching 
heory, Harvard University, Cambridge, Mass. ; April, 1957. 

18 See M. V. Gavrilov, V. M. Ostinau, V. N. Rodin, and Bales 
imofeyev, “Realization of schemes for discrete correctors,” Electro 
echnika, Doklady, Academy of Sciences, USSR, vol. 123, no. 6; 1958. 
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ing simulation in which a person is included in the loop. 
Such simulations are being used for purposes of design, 
testing of equipment, training, and predicting perform- 
ance of complicated systems of equipment and people. 
Since the operational amplifiers available had responses 
as high as 30 kilocycles, problems were being solved in 
terms of seconds per run; occasionally problem solu- 
tions were as high as 15 runs per second. 


The All-Union Institute 
(VINITI) (Fig. 8) 


of Scientific 


Information 


Fig. 8—All Union Institute of Scientific Information (VINITI). 


Fig. 9—Professor A. I. Mikhailov. 


The Director of this Institute is Professor Mikhailov 
(Fig. 9). The Institute is seven years old, and its pur- 
pose is to centralize collection and dissemination of sci- 
entific information from the USSR and the rest of the 
world. It is responsible for receiving foreign periodicals 
and for translating and disseminating these within the 
Soviet Union. It is also responsible for producing ab- 
stracts in many areas of science. Consequently, this 
Institute is deeply concerned with the field of informa- 
tion retrieval and it feels that its largest problem is the 
mechanization of its processes. As journals are received 
at the Institute, editors mark the parts of the article 
which are to be abstracted. The editorial board then 


13 See: A. Kent and I. S. Iberall, “Soviet documentation,” A meri- 
can Documentation, vol. 10, pp. 1-20 (see especially pp. 5 ff.); January, 
1959. 
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sends this material to an appropriate individual some- 
where in the Soviet Union for abstracting. After the 
material is returned to the Institute, the abstracts are 
edited and published. The individuals who do the actual 
abstracting are workers in the particular field and are 
paid for their contribution. Mikhailov found that it was 
necessary to have a computing center just to calculate 
what each abstractor should be paid. In the field of 
chemistry they have approximately 20,000 abstractors 
working all over the country, and they publish approxi- 
mately 500,000 abstracts per year. This publication 
now appears as 24 volumes per year, and the lead time 
for producing an abstract is from two to four months 
after the appearance of the journal. Mikhailov esti- 
mated that the lag in the publication of a journal is 
itself from three to six months, and he hoped, by 
mechanizing his process completely, to reduce the total 
time from first typing of the original manuscript to the 
appearance of the abstract, to three and one-half 
months. One technique suggested by Mikhailov is to 
have the original typist prepare some sort of tape from 
which the final typesetting can be done. 

On one wall of Mikhailov’s office was a map of the 
world. From each country a string led to Moscow and 
an attached number indicated the number of journals 
received from that country. A few such figures are as 
follows: 


United States 1416 
England 844 
France 491 
Italy 368 
Japan 304 
Australia 143 
India 142 
Sweden 133 
Canada 123 
Germany 123 
Netherlands 123 
China 104 
Spain 91 
Denmark 71 
Portugal 47 
Argentina 42 
Brazil 38 
Chili 8 
Iceland 3 
Mozambique 3 
Hawaii D, 


The additional work on information retrieval and 
mechanization which this Institute is sponsoring in the 
Laboratory for Electro-modeling under Professor L. I. 
Gutenmakher will be discussed later as a separate topic. 


Leningrad University iment A. A. Zhdanov, Department 
of Mathematics 


The building of the Institute of Mathematics and 
Mechanics of Leningrad University is a very old one, 
and was at one time a girls’ school (Fig. 10). The exte- 
rior is an off-shade of yellow which is a very common ex- 
terior finish in Russia. The interior floors are parquet, 
but the wood is very rough and surprisingly of random 
width; it has been stained a dark red. In the Director’s 
office were pictures of Khrushchev, Lenin, and Engel. 
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Fig. 10—Institute of Mathematics and Mechanics, 
University of Leningrad. 


The appointments in the room reminded us of the earl 
20th century in the United States. 
At present the enrollment is 9000 day students an 
6000 evening students. There are approximately 2¢ 
students in the Department of Mathematics, of whic 
25 are at graduate level. The Department of Mathe 
matics includes four sections: Mathematics, Computin 
Mathematics, the Computing Center, and Astronomy 
The department is divided into fourteen Chairs as fo 
lows: i 
Mathematical Analysis; 
Ordinary Differential Equations; 
Geometry; 
Algebra and the Theory of Numbers; 
Theory of Probability including Statistics, ik 
formation Theory and Game Theory; \ 
Mathematical Physics; 
Computing Mathematics; 
Fluid Mechanics; | 
Hydrodynamics; 
Elasticity and Plasticity; 
Theoretical Mechanics; 
Mechanics of Rigid Bodies: 
Celestial Mechanics, 
Astrophysical Mechanics, 
Stellar Mechanics; ‘ 
Geodesy and Gravity. 


In addition, the Mathematics Department has a gen 
eral service function to teach mathematical topics ti 
other departments of the University. Except for one o 
two theses, the Mathematics Department is not yet per 
forming any experimental work in computing machines 
but they hope to inaugurate work in this field soon. 
| 


The Computing Center | 


This Computing Center has just recently beer 
founded and regards its first responsibility as training o' 
students. Its second responsibility is service calculating 
for the university, while last is calculating for outsid 
people. The Center has a URAL-I machine, variou: 
punched card calculating machines, and several analogs 
devices. One of these is the MPT-9 which contained 5( 


rational amplifiers; another is MN-M which is a desk 
| machine capable of integrating a 16th-order equa- 
. The amplifiers in these devices had drifts of the 
er of 10-15 mv over 15-20 seconds. The over-all ac- 
jacy of solution was of the order of 6 to 8 per cent. 
Center expects to receive an ARAGATS machine 
hin the coming year, and they plan to begin pro- 
mming for this machine in the fall of 1959. They in- 
d to install it on a lower floor than the present equip- 
int, which suggests that the URAL-I machine will 
tinue to be operated. 

rofessor Ladyzhenskaya has developed a scheme of 
ing a differential equation which utilizes large incre- 
ints of the variables, but still provides very small er- 
ts. The Center has also written a translation routine 
lich will modify the routines written for the Moscow 
RAL-I machine into routines for the Leningrad 
AL-I. They recognize the desirability of having a 
iform operating system for any given machine type, 
it at the moment they expect to develop their own 
rebraic programming system. A special machine for 
forming Fourier analysis was mentioned, but not 
on. There was also an implication that a special ma- 
ine was available for analytically manipulating for- 
ulas; it was also suggested that formula manipulation 
id been done on one of the known machines. 

There is a branch of the Steklov Institute of Mathe- 
atics at the University of Leningrad under Professor 
J. Petrashen but the delegation did not visit it. 


1e@ Computing Center of the Ukrainian Academy 
Science, Kiev 


This Center grew out of a group headed by Lebedev 
| Kiev some ten years ago (Fig. 11). At that time 
‘bedev conceived and built the MESM machine, 
nich was said to be the first sequence controlled com- 
ter in continental Europe. This machine still exists 
it is used only for training purposes at another loca- 
yn. Following Lebedev’s transfer to Moscow, the 
: group continued to exist as an arm of the Institute 
Precise Mechanics. In 1956 the group became a Com- 
bie Center in its own right; it was decided the group 
ould build at least one machine for experience. The 
»mputing Center’s new 4-story building is slightly over 
ie year old. 
The Center, under the direction of Dr. V. M. Glu- 
kov, has designed and built the KIEV and the SESM 
mputers. They have also designed and built special- 
>d analog devices for performing analysis of rigid 
ructures, as well as a 48-integrator electronic analog 
mputer. The Center at Kiev is working on algebraic 
mbol manipulation and has just begun work on nu- 
erical analysis. 
In addition to the previously mentioned machines, 
ey also have a URAL-I. There is an active group plan- 
ng the modernization and improvement of the KIEV. 
1ey are also actively working on the problem of char- 
ter and pattern recognition. 
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Fig. 11—Kiey Computing Center of the 
Ukrainian Academy of Sciences. 


The Penza Computing Machine Factory 


Penza is a town with a population of approximately 
250,000 located 350 miles east and slightly south of 
Moscow. It is in an agricultural region and is sur- 
rounded by many smaller satellite towns. The region 
produces onions as a major agricultural product, and 
such manufactured items as textiles, compressors, bi- 
cycles, watches and computers. The industrial capacity 
of this town has developed since the revolution. Schools 
in the region include a polytechnic institute, a pedagogi- 
cal institute, a civil engineering institute, and an agri- 
cultural institute. For university training, students must 
go to Kazan, Gorki, Moscow, Seratov, or Voronezh. 
The factory visited by the delegation also produces, in 
addition to digital computers, electronic test equip- 
ment, card punches and card reading devices, and some 
analog computers. It is part of a larger complex which 
produces watches and heavy equipment. Engineering 
personnel for the factory is obtained by sending man- 
power requirements to the Central Council on Produc- 
tion. A representative of the factory then participates in 
the selection of new employees through student inter- 
views. This plant representative also obtains addi- 
tional information on the student from the graduating 
commission at his school. When the engineer arrives at 
the plant he may, if he wishes, take evening courses in 
the polytechnic institute at Penza. 

Plant managers come from technical backgrounds 
and do not receive specific administrative training; a 
plant manager, however, may correspond more nearly 
to a “director of engineering” than to a chief administra- 
tive officer. 

The factory is in the process of planning a new plant 
which is to be constructed on the same 180-acre site 
during the next 7-year plan (1959-1965). At present the 
factory has about 4000 workers and has approximately 
two million rubles per year to provide rest homes" for 
about 800 people. Last year 6500 square meters of 
housing were added which provided 1-, 2-, and 3-room 
apartments for approximately 200 families. 


14 This term does not have the usual meaning. It means “vacation 
homes” or, more generally, “vacation opportunities.” 
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At this factory we saw production of the URAL-I, 
and also the prototype model of the URAL-II. The 
characteristics and details of these two machines are 
included in another section of this report; only informa- 
tion about production techniques will be included here. 

The assembly area looked quite modern, and had 
fluorescent lights. The windows were curtained and the 
walls painted a restful light blue color. Workers on the 
pluggable unit assernbly line are paid on a piece-work 
basis and a punched card computing installation is used 
to calculate the payroll. Separate forms are used to re- 
cord information about each worker’s daily production. 

The URAL-I is manufactured in modular fashion. 
Five basic modules approximately 8 feet 3 feet 14 
inches are needed for the complete computer. Above 
the level of the console there are glass windows, and 
below it, metal doors. Cabling is done on layout boards 
as in this country. Capacitors, resistors, and some of the 
plastic parts of the machine are not produced at this 
plant, but most other parts are, such as ferrite cores and 
magnetic drums. Yield on core production is currently 
50 per cent. There were 24 machines on the floor at the 
time. With a production rate of one every four days, 
more than 120 have been produced at this plant. There 
were no serial numbers on the machines which we saw. 

Marginal checking equipment is brought to the ma- 
chine while it is still on the production line, and the ma- 
chine is checked out. A machine is transported as 
modules to the customer, who is responsible for connect- 
ing them together himself. Intermodule power connec- 
tions are plugged but signal connections must be resol- 
dered. It takes approximately two to three weeks after 
delivery for the URAL-I to be in operation at the 
customer’s site. 

The machine is built of ten types of pluggable pack- 
ages. Test equipment capable of checking all types was 
available and provided both maximum and minimum 
marginal voltages for the package. The debugging crews 
had available a certain amount of special test equip- 
ment, such as a punched paper tape reader which could 
be used to read a test program into an almost operative 
URAL-I for its final checkout. Other devices included 
a paper tape verifier and a keyboard device similar to a 
desk calculator. The latter had 100 keys arranged in a 
10X10 array and a plus and minus key. Apparently it 
permitted establishing a number of ten decimal digits 
for some particular test purpose. Special test equipment 
is also available for cycling the ferrite store through spe- 
cial test patterns and displaying the response as a geo- 
metric image on an oscilloscope. The usual complement 
of oscilloscopes and volt-ohm-milliammeters was also 
available. 

The back panel wiring of the URAL-I was done on a 
systematic basis. There is a network of horizontal and 
vertical interconnections and power distribution wires 
which form a checkerboard pattern, each square of 
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which is approximately three inches on the side. Withi 
each square are three different connectors associate 
with that square. Signal and power connections ar 
then made between the connectors and the checkerboar 
wire. In order to reduce the number of different types ¢ 
packages in the machine, components are occasionall 
mounted on the base of the plugs. We were told tha 
these plugs, which use phosphor bronze springs, ha 
proved to be completely adequate? This checkerboar 
wiring occupies the top half of each cabinet module 
the bottom is reserved for power supplies which us 
selenium rectifiers. Signals between cabinets are brough 
out to lugs on the side faces of the cabinet which mat 
with similar lugs in the adjoining modules. Clockin 
pulses are distributed across each cabinet by heav 
buses. Both wiring tables and scale drawings are uset 
to indicate where back panel connections are to be mad 
and components located. Plugs of solder are used be 
cause either rosin core solder is not available, or it 1 
thought to be inadequate. No composition carbon re 
sistors were seen, either at Penza or elsewhere in Russia 
Low wattage resistors are deposited carbon, wherea 
higher power resistors are wire-wound units encased i 
ceramic. The capacitors physically resemble resistors 
Curiously, copper oxide rectifiers were observed in thi 
back panel wiring. It was explained that these wer 
needed in some cases to yield a sufficiently low for 
ward resistance combined with a reasonably high bacl 
resistance. | 

In manufacturing magnetic drums the drum itself i; 
first machined to close tolerance and is then sprayec 
with the brown magnetic dispersion. Following this < 
lacquer coating is sprayed on the surface for protection 
Three clock tracks are physically engraved on one enc 
of the drum. One of these establishes the origin reference 
of the drum, a second marks the beginning of each word 
and the third marks the position of each bit within < 
word. Recording density is 100 pulses per inch, and four 
positions are allowed between words to accommodate 
timing inaccuracies in the machine. | 

Three sets of heads are mountéd on a drum. One set 
reads all the even tracks, while the second set reads the 
odd tracks. The third set is an erase stack for all tracks. 
Before permitting the drum to rotate, the structure 
which holds the head is heated for several minutes as a 
precaution against head scraping. 

The price of the URAL-I was quoted at 1.1 million 
rubles, but as soon as the URAL-II is in production, 
this price will be halved. 

Using the same basic components as the URAL-I, 
the product engineering group at Penza has designed 
the URAL-II, in which a different internal organization 
is used to achieve a much higher speed. The URAL-II 
was said to be fifty times as fast as URAL-I, but 10 
times more effective because of improved organization. 
It will sell for 1.5 million rubles and its details are given 
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ewhere in the report. We saw what appeared to be a 
ototype model. It was being debugged prior to produc- 
n and apparently routines were being prepared for it. 
present there are more customers than machines, 
id the factory does not have to maintain a sales force. 
ey do, however, have people who write equipment 
‘scriptions and send them to potential users. Occa- 
pnally factory representatives even visit these poten- 
l users to explain the usefulness and desirability of 
ie digital computers. 

In another building we were shown about 40 card 
nches. About half of these were 90-column machines 
d the other half 80-column machines; all were gen- 
ally similar to United States designs. These units ap- 
sared to represent the most recent design in Soviet 
nched card equipment. We saw also a 500 card per 
inute sorter which closely resembled a corresponding 
merican product. It had electro-mechanical sensing 
the holes and a set of switches for suppressing specific 
»w selections as in American sorters. It also had a spe- 
al attachment which permitted collating on 12 col- 
mns by means of a plugboard and 12 auxiliary brushes. 


SPECIFIC MACHINES 


The Soviet development of internally sequenced com- 

uters began with the MESM machine, conceived and 
mstructed by Lebedev at Kiev. The development 
the field, so far as the Academy of Sciences is con- 
srned, centered around Academician Lebedev and 
is Institute for Precise Mechanics and Computing 
echniques. There also has been some parallel develop- 
ient by other laboratories or institutes which are con- 
ected with other ministries of the Soviet government 
‘industrial organizations. At the present time coopera- 
on between the Academy’s Institute and industrial 
lants is beginning, and future machine development 
1 Russia may well turn out to be a cooperative venture. 
In comparing Russian machines with United States 
achines, it must be noted that Soviet designers place 
ynsiderable emphasis on analyzing the set of problems 
) be encountered by a given machine. A fairly detailed 
udy is made of the number of each kind of instruction 
hich occurs in some class of problems, and on the basis 
f this statistical distribution, the speed of the machine 
quoted as so many operations per second. Unfor- 
inately there are several sets of statistics in use; and 
om our information, it is not always clear as to which 
t applies to a particular machine. Further, there is 
Iso some disparity between the statistics reported at 
arious locations. In the following discussion and in 
able I, pp. 86-87, the statistical weighting has been 
sed which is believed to be correct for each machine. 
For some machines it is uncertain as to which might 
e the correct basis; the speed of the machine in opera- 
ons per second is not likely to change radically from 
ne statistical basis to another. 
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The so-called BESM-II statistics as reported at Mos- 
cow are: 


30 per cent add-subtract, 
30 per cent multiply, 
3 per cent divide, 
37 per cent all other operations. 
The so-called STRELA statistics as reported at Moscow 
are: 
25 per cent add-subtract, 
30 per cent multiply, 
2 per cent divide, 
10 per cent address modification, 
33 per cent all other operations. 
The URAL-I statistics as quoted at the Penza factory 
ane: 


17 per cent add-subtract, 
17 per cent multiply, 
3 per cent divide, 
33 per cent transfer, 
30 per cent all other operations. 

The figures quoted to us by the Leningrad group dif- 
fered rather significantly. According to them the BESM- 
IT statistics are: 68 per cent add-subtract and 32 per 
cent multiply, while the STRELA statistics are 75 per 
cent add-subtract and 25 per cent multiply. It is be- 
lieved that the statistics quoted to us in Moscow are 
more likely to be correct. 

Table I summarizes the information received on 
all digital computing machines which were seen. In order 
to make this table complete, a small amount of informa- 
tion has been carried forward from the Scott, Carr, 
Perlis, Robertson report.! Where there is considerable 
uncertainty as to the accuracy of a figure, it is followed 
by a question mark. 


BESM-P® 


This machine was originally constructed in the early 
1950’s with an acoustic delay line store (Fig. 12). This 
store was later changed to a Williams type electrostatic 
store and recently was again changed to a magnetic core 
store of 1023 words of 40 bits.*® 

The core storage element of BESM-I was designed 
approximately four years ago and it is clearly an early 
model of such a store (Fig. 13). The store is expandable 
to 2047 words, although there was no indication that 
this expansion would be done. It was indicated that only 
one BESM-I machine has ever been built in the Soviet 
Union. The machine requires seven dc voltages between 
+400 and —400, and is physically constructed of fairly 
large pluggable units, using vacuum tubes of the general 
dimensions of the 6SN7. The tape transports connected 
to this machine are modified audio transports. There 
are only two tracks, one for information and one for 


16 S, A. Lebedev, “High speed electronic calculating machine of the 
Academy of Sciences of the USSR,” J. Assoc. for Comp. Mach., vol. 
3, p. 129; July, 1956. 

16 [t will be noticed that the size of many stores in Russian ma- 
chines is (2*—1) words in size. This is because storage location zero 
is permanently reserved as the location for the numeric constant zero, 
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Fig. 12—Console and general view of the BESM-I. 


* 


Fig. 13—Magnetic core store of the BESM-I. 


timing signals (Fig. 14). The machine was reported to be 
asynchronous; however, after detailed inquiry it de- 
veloped that it had an internal clock. Its operations 
could be variable in time of execution, but only by in- 
crements of the clock interval. 

The input device to the BESM-I is a photocell paper 
tape reader (Fig. 15). The output includes a high-speed, 
14-column, 15-lines per second numeric printer, produc- 
ing only one copy (Fig. 16). 

The BESM-I has a supplementary 400-word, change- 
able, read-only store of the diode function table type. 
There are several locations at which pluggable panels 
can be manually changed in order to provide certain 
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Fig. 15—Paper tape reader of the BESM-I. 


Fig. 16—Output printer of the BESM-I. 


standard subroutines to the machine without repeated 
reference to the main core store. 

The mean free time between failures on the BESM-I 
was reported to be approximately 6 to 8 hours; about 
70 per cent of the breakdown is in the input-output de- 
vices and other electro-mechanical equipment. The 
BESM-I is operated by the programmers who use it, 
and therefore in the machine records no accounting is 
made for restarts or reruns which are due to machine 
failures. Good performance statistics were not available, 
but the maintenance engineers (one man per shift) 
thought there was about 8 per cent lost time. Associated 
with the BESM-I is an off-line printer which is con- 
nected by teletype with the Academy Computing Cen- 
ter. This is probably a convenient method for trans- 
mitting problems to BESM-I from the Computing 
Center, which still regards BESM-I as one of its operat- 
ing machines. 


ig. 17—The BESM-II. (Top) console; (center) left, arithmetic sec- 
tion, right, drum section; (bottom) drum and tape section. 


The general appearance and marginal workmanship 
isible on BESM-I certainly marks it as an older, often- 
ranged machine. 


ESM-IT 


This machine is organizationally like the BESM-I 
ad presumably will accept routines which were written 
r BESM-I (Fig. 17). Its construction and circuit tech- 
ology are different, however. Physically, it consists of 
4 cabinets, each about 3 feet wide and about 7 feet 
igh; this includes the cabinets for the four tape units. 
internal store is initially 2047 words but will be ex- 
anded at a later date to 4095; it is a word-organized 
id-fire design (Fig. 18). The cores themselves are 1.4 
m outside diameter and each plane is 128 X48. There 
‘e 16 such planes in the store. The store is designed 
ith 48 bits per word, although only 40 of these are re- 
aired by the machine. The cycle time of the store is 6 
sec, although the basic cycle time of the machine is 10 
ec; this is a carry-over from the design of BESM-I 
here 10 usec were required for a cycle of the electro- 
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Fig. 18—Magnetic core store of the BESM-II. 


static store. Of the 6-usec store cycle, 1.5 usec are re- 
quired for address decoding, then 0.6 usec for reading. 

Two cores are used for each bit. There were three 
arguments advanced to us for this choice. One was that 
uniformity of cores was sufficiently bad that only by 
using two cores per bit could a yield as high as 80 per 
cent be achieved from the core production. The second 
possibility is that by using two cores per bit the load 
which the switch core in the end-fire switch must drive 
is constant. The third possibility suggested to us was 
that the second core on each bit provided redundancy 
in case the first one fractured or failed. The current to 
drive the switch cores is obtained from large vacuum 
tubes and, as in the United States design, the core stack 
is force air-cooled. In order to avoid extraneous ground 
noises twisted pair buses have been used. 

Between stages of the shift register is a 0.3-usec delay 
line; even so, to shift any number of places less than 16 
will require 65 usec because of some peculiarity of the in- 
ternal structure. Addition time is 70 usec, including four 
accesses to the store; multiplication and division are 
each 230 usec, including accesses to the store. The word 
format is 32 bits plus sign for the mantissa, and 5 bits 
plus sign for the characteristic.” 

There are two magnetic drums of 6000 words each 
(Fig. 19) and four magnetic tapes of 30,000 words per 
tape (Fig. 20). As in BESM-I, the magnetic tapes have 
two tracks and move at 2 meters per second. One track 
is for information and the other for timing signals. 
Starting and stopping is done at the reel, which implies 
that these units are efficient only for transferring large 
blocks of information. 1.5 meters of tape is allowed be- 
tween blocks of information and the designers felt that 
they could guarantee interchangeability of tape be- 
tween transports. Tape density is 7 to 8 bits per milli- 
meter, and the method of recording is discrete pulses on 
a saturation bias background. A modulo 32 count of the 


17 While this accounts for only 39 bits, the store was definitely 
reported as having a 40-bit length. There may be a parity check. 
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Fig. 19—(Top) magnetic drum on the BESM-II; 
(bottom) same drum on the KIEV. 


Fig. 20—Magnetic tape units of the BESM-II. 


number of words transferred is automatically made for 
tape records and blocks of drum information. This count 
is stored in a special 5-bit counter which can be ad- 
dressed by the routine and therefore used to verify that 
the correct number of words has been transferred. 
Germanium diodes have replaced the vacuum tube 
diodes of BESM-I. The new style of pluggable unit con- 
struction does not use printed circuits in the model 
which we saw, but it is expected that printed boards will 
be used in the production model of this machine (Fig. 
21). At the time we saw the machine it was in the final 
stages of debugging. We were told by Dorodnitsyn that 
it would be fully operational in June, 1959. Miscellane- 
ous remarks led us to believe that some amount of pro- 
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Fig. 21—Pluggable packages of the BESM-II. 


duction time has already been realized from this model, 
and that routines for it have probably already been 
checked out. The decision has been made to place this 
machine in serial production.!® The location of produc- 
tion was unspecified, although it was thought that it 
would probably not be in Moscow or Penza, but might 
be in Siberia. The size of the BESM-II production was. 
suggested to be a few tens of units. | 

There were three independent groups of engineers 
working on the BESM-II. One of these was from 
Lebedev’s Institute which is responsible for completing 
and debugging the machine; a second group was from 
the Computing Center which will have to maintain it; 
and the third group was from the Georgian Academy of 
Sciences at Tbilisi, which apparently is scheduled either 
to get or to build a BESM-II. | 

In debugging this machine, test routines and mar- 
ginal checking are being used. There is manual control 
permitting +10 per cent variation in all voltages. De- 
sign tolerances are +10 per cent on the 6-volt heaters, 
+4 per cent on the negative bias voltages, and +2 per 
cent on the positive supply voltages. 

We were told that the design of the BESM-II had 
been completed in a few months and that the biggest 
job which faced the Institute was not that of complet- 
ing the machine, nor of designing it, but rather the time 
of preparing production drawings for the factory. 

The BESM-II is designed for a different final check- 
out procedure than is common in the United States. 
One complete machine is assembled at the factory and 
thoroughly checked out. Since each cabinet of the 
machine consists of several removable panels (Fig. 22), 
this completed and tested machine is then used as a test 
device in which production panels are tested in the en- 
vironment of a completely checked-out system. Such a 
removable panel for BESM-II contains approximately 
50 plug-in packages, and is removable as a unit by 


18 The Russians use the phrase “serial production” to indicate 
that an item is to be made in succession in a production facility. 
Our term of “mass production” is used to describe the scale of activ- 
ity concerned, rather than the number of items produced; e.g., pro- 
duction of one battleship would be regarded by them as mass pro- 
duction but not serial production. 
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Fig. 22—Rear panel wiring of the BESM-II. 


a of screws. Most of the connections to such a 
nel are made by plugs, although some signal leads 
re soldered connections and sometimes also coaxial 
able. The intent is to produce the structural frames of 
ach machine, and to hand-inspect them. Panels will be 
idividually tested at the factory in the environment 
{ the previously checked-out and completed machine. 
. new machine will be assembled for the first time on 
he customer’s premises, and any remaining troubles 
rill have to be dealt with at that time. 

BESM-II has punched paper tape input and output. 
Vith respect to the statistical weighting of 68 per cent 
idd-subtract, and 32 per cent multiply, the BESM-II 
iperates at 10,000 floating-point 3-address operations 
er second. 


JRAL-I (Figs. 23-26) 


A 19-column rotating wheel printer is in production 
or URAL-I. Its speed is 100 lines per minute and the 
yrinting mechanism includes a facility for suppressing 
yrinting in any desired column. The URAL-I magnetic 
ape contains six channels, three of which are used at a 
ime to read the 12 lines of information required for the 
6-bit word. There are 104 words per meter which im- 
lies that the recording density is 1248 bits per meter. 
he linear tape speed is 0.75 meter per second resulting 
na transfer rate of 75 words per second. 

Characteristics of the URAL-I are summarized in 
fable I. Appendix I gives the instruction repertoire of 
his machine. 


JRAL-IT 


This machine has a 200-ke clock rate, compared with 
he 7-kc rate for URAL-I. In addition it is a floating- 
yoint, parallel machine, constructed of germanium di- 
y\des and vacuum tubes. It contains several new instruc- 
ions, including those for floating-point. It contains er- 


Fig. 23—Console of the URAL-I. 


Fig. 24—Rear panel wiring of the URAL-I. 


Fig. 25—Perforated film unit of the URAL-I 


Fig. 26—Magnetic drum of the URAL-I. 
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ror-checking circuitry, including automatic computation 
of check sums for input-output devices. Other possible 
input devices mentioned were punched cards (300 per 
minute), communication lines, and random number 
generators. The usual output devices will be a printer 
and card punch (100 per minute). The printer is numeric 
only, 20 lines per second, and can be either 16 or 96 
columns. Connection between the URAL-II and its 
input-output devices is through the arithmetic unit 
where a check sum is formed on every 100 words. A 
special selection word using a separate bit per input or 
output device allows up to 12 input devices and 12 out- 
put devices without the need for a decoder. Information 
can be transferred to several output devices simul- 
taneously. 

The storage hierarchy in URAL-II is a 2048-word 
core store (12-usec cycle), an 8192-word drum (maximum 
of 8 drums), and magnetic tapes of 700,000 words each 
up to a total of 5 million words. Each of the 20 planes in 
the core store consists of four 16 X16 arrays assembled on 
thin plastic frames (1/32 inch X 4 inches X 4 inches). The 
store operates in a coincident current mode, has only one 
core per bit, and has four sense windings. By selecting 
two Y wires and one X wire, two bits are read out from 
the 64 X64 plane at a time. It therefore can be thought 
of as 4096 20-bit words, or 2048 40-bit words. They 
achieve a 50 per cent yield on cores made at the factory. 
Core windings are soldered to a mounting wire which is 
held to the frame by being threaded through a pair of 
holes. Special test equipment is available for cycling the 
store through special patterns. Drive current tolerance 
is +30 per cent. 

The punched tape input and output is similar to that 
of URAL-I. Continuous loops of perforated 35-mm 
movie film are read at the rate of 150 numbers per 
second (1.5 meters per second linear motion). The read- 
ing device uses photo diodes. The tape has eleven chan- 
nels, and one word is written across it in parallel; deci- 
mal digits are written along the tape in 8-4-2-1 code. A 
special 9-column decimal keyboard is used for tape 
preparation. Normally a URAL-II has one punch sta- 
tion but two readers which operate in parallel to com- 
pare 200 numbers per minute. 

The URAL-II magnetic tape is also similar to that of 
URAL-I. 35-mm film is used as a base for the magnetic 
medium, and punched holes mark the records. The tape 
reads 1000 words per second at a linear tape speed of 
1.5 meters per second. 

The word format is: 8 decimal digits plus sign for the 
mantissa (33 bits), and 6 bits plus sign for the exponent. 
The range is therefore +1X10#!*® and the word length 
is 40 bits. Based on the statistical distribution of 17 per 
cent add-subtract, 3 per cent divide, 17 per cent multi- 
ply, 33 per cent transfer, and 30 per cent other opera- 
tions, the speed of the URAL-II is 5000 operations 
per second. 

The URAL-II instruction repertoire is given in Ap- 
pendix IT. 
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STRELA 
: 


This machine (Figs. 27-29) was designed by an in- 
dustrial construction bureau and serially built at the 
Moscow Computing Machine plant; it is now referred 
to, because of its age, as the “Old Woman.” It is a big| 
machine and uses specially designed electrostatic tubes 
in the store. The cycle time of the barrier grid store is 
500 usec, and 27 points are regenerated between con- 
sultations. One STRELA had five card readers and two 
card punches while a second STRELA had only one of 
each. The machine at the Computing Center operates 
7 days a week, and requires a maintenance staff of three 
engineers per shift. About 18 hours per day of useful 
running time can be achieved; 3 to 4 hours per day is 
devoted to preventive maintenance and the balance of 
the day is unscheduled maintenance. This machine was 
designed in 1948, although the installation at the Acad- 
emy Computing Center was not made until 1957. The 
precise number of machines manufactured is uncertain 
but it was suggested that at most a few tens had been 
constructed. | 

The STRELA tape unit is approximately 4 inches. 
wide (Fig. 30). A word is written in parallel across the 
tape which is recorded at a linear density of 2.5 bits per 
millimeter. The reading rate is 1000 numbers per second 
and reading is in terms of a block. For reliability great 
emphasis is placed on programmed check sums. 

The STRELA, like the BESM-I, also has some inter- 
changeable wired subroutines which can be used for 
such things as sine, logarithm, etc. It also has about ten 
groups of stored constants of 16 bits each. The card 
readers and card punches were quoted at about 60 cards 
per minute. 

The inadequate reliability of the STRELA store 
leads users to program check sums into their problems. 
There is some possibility that a core store may be retro- 
fitted to this machine. 


SETUN 


This base-3 machine being constructed at Moscow 
State University appeared to be in operation when we 
saw it (Figs. 31-33). It was explained that the choice of 
base-3 was made because it can be shown that in some 
sense a base of 3 provides the most efficient utilization 
of equipment.!® Since a base-3 electronic technique is not 
available, they decided to construct a base-4 machine 
and to utilize only three of the four possible states. The 
unused fourth state in each case is available for some 
form of checking. This machine is regarded as experi- 
mental, and as an educational training program for en- 
gineers. In part they felt that SETUN was a protest 
against the huge, complicated machines being built else- 
where. It was thought easier to operate a simple ma- 


19 ERA Staff, “High-Speed Computing Devices,” McGraw-Hill 
Book Co., Inc., New York, N. Y., p. 84; and Staff of Computation 
Laboratory, “Synthesis of electronic computing and control circuits,” 
Ann. Harvard Computation Lab., vol. 27, p. 145, 1951. 
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Fig. 31—Console and general view of the SETUN. 


Fig. 32—Rear view of the SETUN. 


Fig. 29—Front panels of the STRELA. 


Fig. 30—Magnetic tape unit of the STRELA. Fig. 33—Pluggable package of the SETUN. 
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chine at their center. The machine contains 4000 mag- 
netic cores, 4000 germanium diodes, approximately 100 
transistors, and 40 vacuum tubes. It operates at a 200-kc 
clock rate. It uses 1-mc transistors which are rated at 
150 milliwatts dissipation at 25°C, but can tolerate a 
maximum of 100°C. 

SETUN has only 81 words of storage and 27 different 
instructions. It is a single-address, fixed-point machine, 
with 18 ternary digits per word. The point is fixed be- 
tween the second and third digits from the left. It is 
serial and contains two instructions per word. There is 
no divide instruction. 

The ferrite core store can be regarded as having 162 
9-digit words because the half words can be addressed. 
The drum store contains 2268 half words. Number rep- 
resentation of SETUN requires 2 binary digits per base- 
3 digit; therefore, a 9-digit, base-3 word will require 18 
tracks on the drum. There are three such groups of 18 
tracks on the drum, or a total of 54 heads. In each band 
of 18 tracks there are 756 words recorded in parallel; 
there are thus 756 bits around the 13-inch circumfer- 
ence. It is planned to add magnetic tapes to this ma- 
chine at some later date. 

Addition time is 180 usec including all accesses. Fetch- 
ing of the next instruction is overlapped with execution 
of the previous one. Multiplication time is 335 usec and 
transfer of control is 100 usec. SETUN includes a nor- 
malizing instruction (shifting operations to facilitate 
programming of floating-point), one index register, and 
teletype input and output. The German type RFT tele- 
printer is partially base-9 and partially base-3. A 9- 
digit word is printed as two base-9 digits, then one base- 
3 digit, then two more base-9 digits. The characters used 
are: 

Base-9 7,£,2,1,0,1,2,3,4, 
Base-3  i,0,1. 


Five-level punched paper tape is used for the input and 
output. 


KIEV 


This machine is expected to be completed by Decem- 
ber, 1959; a substantial part is already operational (Fig. 
34). It is in five cabinets in a semicircular arrangement, 
and requires a floor area of approximately 2035 feet. 
It is truly asynchronous and operates at a speed of 5000 
to 6000 operations per second. It uses static flip-flops 
but diode-transformer gates. Pulse sources are blocking 
oscillators having two independent transformers in the 
plate circuit. One is for the regeneration required by the 
blocking oscillator itself; the other, for driving the out- 
put. The machine has arithmetic, logical, and block- 
transfer instructions, is binary and has a word length of 
40 bits. The arithmetic unit is capable of adding, shift- 
ing, multiplying, and dividing. 

The principal store” is a 1024-word ferrite store of the 


20 This particular type of store is frequently referred to in Russia 
as the “Z” system. 
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end-fire BESM-II type. The store is autonomous al 
has separate checking, which suggests that there mé 
be a wired-in independent test routine. There is also 
512-word read-only store which is based on a tran 
former technique; its read time is approximately 3 yse 
This passive store, when expanded to larger size, w 
contain the automatic program and the binary-t 
decimal and decimal-to-binary conversion routine 
There are also eight words of storage which can be s 
from switches. There will be three drums of the san 
type as the BESM-II; only one is presently installe 
At the moment the input and output is paper tape. 

There are seven types of standard circuits in tk 
machine. Each cabinet of the machine contains its ow 
power supply. Because of this modular constructic 
and the truly asynchronous organization, it was o 
served that expansion and modernization is very simp] 
It was also stated that convenient marginal “conditio: 
for prophylaxis” exist. An improved version of tl 
KIEV machine was under way and we noticed a su 
stantial amount of BESM-II type equipment on har 
for this purpose. In the modernized version, arithmet 
operations might be automatically repeated und 
marginal conditions and the result compared; this is 
type of checking being considered. 


SESM 


This machine (Fig. 35) is a special-purpose digit 
computer which is intended to solve sets of linear equ 
tions of orders up to 120. The design is expandable © 
orders of 480, and is based on the Gauss-Seidel iter 
tion technique. The solution time depends on the nur 
ber of zero elements in the matrix and on the distrib 
tion of these elements. For an 18 X18 matrix which wi: 
rather ill-conditioned, a solution had been achieved - 
148 iterations and about two hours. A rough rule 
thumb for the time in seconds required for one iter 
tion is: the number of nonzero elements divided by 20 

The input is presently punched paper tape at a ra 
of 27 decimal digits per second; the speed at which tl 
machine can achieve a solution is limited by this devic 
The output is on an adding machine type printer. T] 
SESM was conceived by Lebedev but designed and co 
structed by Rabinovich. A magnetic drum contains 3 
bit recirculating registers for arithmetic purposes. T| 
recording density is three bits per millimeter. The i 
ternal clock rate is 50 ke. 


Special-Purpose Analog Computer at Kiev 


This machine was designed to analyze the stresses 
three-dimensional rigid structures (Fig. 36). It was co 
ceived and constructed by Professor Pukhov. It co 
sists of three panels, each of which has 48 potentiomete 
arranged in six rows and eight columns. These are us 
to represent the elastic constants of the bars. Up to 


21 This rule-of-thumb doesn’t agree with the previous example, t 
these were the data that were collected. 
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Tig. 36—G. E. Pukhov and the structure analyzer. 


ible rods and 9 rods in torsion can be accommodated 
he model. This machine uses all passive elements, 
rates on dc, and achieves approximately 5 per cent 
uracy. It can also be used to give dynamic solutions, 
ough normally it is used for static solutions. It pro- 
»s three-dimensional solutions, rather than the two- 
ensional ones obtained by other workers. They are 
ining a new desk-size machine of similar kind, ca- 
le of accommodating 70 rods. 


|-M and MPT-9 Analog Computers (Figs. 37 and 38) 


‘hese two machines are well known and have been 
ibited at various trade fairs and exhibitions. No new 
rmation about their capabilities was obtained. 
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Fig. 37—MPT-9 analog computer. 


Fig. 33—MN-M analog computer. 


M-20 


In deference to Academician Lebedev’s desire to have 
the first publication of M-20 details appear in the Soviet 
literature, the delegation agreed to withhold publica- 
tion of information about this machine until the Russian 
paper appears. Data on this machine will be published 
later as a supplement to this report. 


ARAGATS, RAZDAN, YEREVAN 


These three machines are under development at the 
Institute of Mathematical Machines in Yerevan, Ar- 
menia. The delegation was unable to arrange a visit to 
this facility, although S. N. Mergelyan, when visting 
the United States, gave some details of these machines. 
The ARAGATS, based on a statistical distribution of 
25 per cent multiply and 75 per cent add, is reported to 
be a 15,000 operations per second vacuum tube ma- 
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chine. One is to be delivered to the Computing Center 
at the University of Leningrad in approximately one 
year. 

The RAZDAN is to be the first all-transistor machine 
in the Soviet Union and is to have a speed of from 4,000 
to 6,000 operations per second. It was thought by 
IPMCT workers that all of the circuit development 
work necessary for this machine would be done at 
Yerevan and would not draw on the work at Moscow. 

The YEREVAN is said to have a highly-developed 
logic and instruction repertoire, although it is the slow- 
est of these machines, having a speed of 2,000 opera- 
tions per second. It is to be a vacuum tube machine. 

These three names are respectively a mountain, a 
river, and a city in Armenia. According to an article 
in an American Russian language newspaper, these 
three machines are all to be completed in 1959. This 
same article quoted the addition time of the ARAGATS 
as 5 musec.?? 


LEM-I 


This machine was not seen by the delegation, al- 
though the Director of the laboratory in which it was 
built, Professor L. I. Gutenmakher, did meet the delega- 
tion and discuss his work at some length. A reference to 


22 See: Novoye Russkoye Slovo for Wednesday, May 20, 1959. 
The article is a partial reprint of an original article appearing in a 
Soviet teenage magazine, “Ogonek.” The information from this 
source was made available by Mr. Eugene Zaitzeff of the Bendix 
Systems Division, Ann Arbor, Mich. 


Fig. 39—EV-80 calculator. 
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: a 
the machine is included here in order to call attenti¢ 
to the availability of an English translation of an artic 
partially describing the machine.” 


EV-80 (Fig. 39) 


This machine, built in 1950, physically resembles tt 
604 punched card calculator produced in the Unite 
States. The electronic component is very similar in d! 
sign, but the card device contains three card feec 
rather than the one of the U. S. machine. 
Punched-Card Equipment | 


Some of the older models of Russian punched car 
equipment were seen at the Academy of Sciences, Mo 
cow Computing Center. We saw a key punch (Fig. 4( 
and a verifier (Fig. 41), each of which looked very muc 
like earlier model United States counterparts. We als 
saw a machine for comparing cards. It operates at 4 
cards per minute and at the Computing Center we 
usually used to compare the outputs of two STREL. 
runs of the same problem. The tabulator (Fig. 42) oj 
erates at approximately 100 cards per minute, and he 
70 numeric positions for printing. It also has an 8-pos 
tion multiplier and 80 counter positions. The tabulate 
uses a key punch as its summary punch. We also saw 


3 Yu. A. Machmudov, “The LEM-I, small size general purpo: 
digital computer,” Radio Technika (Moscow), pp. 47-57; March, 195 
Also published in Commun. Assoc. for Comp. Mach., vol. 2, pp. 3-! 
October, 1959. A translation of this article is also available from tk 
Office of Technical Services, Dept. of Commerce, Washington 2, 
D.C., Document No. 705-D. 


Fig. 40—(Top) key punch; (bottom) keyboard-card translator. 
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rd sorter (Fig. 43) which resembles its United States 
unterpart and operates at approximately 300 cards 
r minute. Fig. 44 shows a desk calculator. 


st Equipment 


In most of the laboratories and computing centers 


uich we visited we saw one or both of two common 
cilloscopes. The model IO-4 (Fig. 45) has a pass band 


Fig. 42—Tabulator. 


Fig. 43—Card sorter. Fig. 44—Desk calculator. 


Fig. 45—Model IO-4 oscilloscope. 
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from 20 cycles to approximately 6 mc. It consists of two 


boxes and usually is mounted on a dolly. The model 
DESO-1 oscilloscope is a twin-beam unit; one of its 
amplifiers has a response from approximately 200 cycles 
to 80 mc, and a guaranteed rise time of 15 myusec, but a 
gain of only 100. Its fastest sweep is 0.3 mysec across 
the face of its 5-inch tube, so that this equipment is 
capable of resolving approximately 5 mysec. Curiously, 
a small voltmeter is included on the front panel to 
monitor the ac line voltage. We were also told that oscil- 
loscopes with pass bands of 200 mc and a rise time of 5 
musec were production items. It appeared that their os- 
cilloscopes generally did not have a pass band down to 0 
cycles. 


Other Machines 


A number of other machines, some of them special 
purpose, have been referred to in Soviet literature and 
by members of their delegation. Mention of them is 
made here simply to indicate their existence and the 
scope of the Soviet computer activity. None of these 
machines was seen by the American delegation, nor is 
much information available. 


VOLGA General purpose, not yet completed. 

POGODA Special purpose, weather prediction. 

KRYSTAL — Special purpose, crystallography problems. 

GRANIT Special purpose, statistical problems. 

These two machines are general purpose, and are 

M-2 are associated with I. S. Bruk; he is associated with 

M-3 either a different laboratory of the Academy of Sci- 
ences or an industrial design bureau. 

LUCH Thought to be general purpose, and constructed at the 
Institute of Physics and Mathematics of the Belo- 
Russian Academy of Sciences. 

M-50 Thought to be in the final stages of design and con- 


struction; likely to be a follow-on to the M-20. 


GENERAL DEVELOPMENT OF MACHINES 


We accumulated fragmentary information which in- 
dicates in part how the Soviet Union controls research. 
Subordinate to the Council of Ministers is, among 
other organizations, the Academy of Sciences, 
GOSPLAN (State planning committees), and the Min- 
istry of Higher Education. Each of these can conduct re- 
search either on its own initiative or on request. The 
work at Moscow State University, for instance, is 
within the Ministry of Higher Education, while the 
work at IPMCT is within the Academy of Sciences. The 
Institutes of the Academy are sometimes specialty-ori- 
ented (IPMCT—computers) and sometimes task-ori- 
ented (VINITI—information dissemination). In the 
event that a laboratory of a university and a laboratory 
of an Academy institute happened to fall into com- 
petition in some area, the decision to resolve, to fund, 
or to control this parallel effort would need to be made 
in the Council of Ministers. 

Decisions related to the production of computers and 
perhaps to designated research toward new ones are evi- 
dently made in the planning committees of GOSPLAN 
and perhaps in the State Scientific-Technical Commit- 
tee attached to the Council of Ministers. The personnel 
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of an Institute may participate in the activity of these 
bodies although the Institute itself does not cast such 
decisions. 

The Institute of Automation and Telemechanics is 
organizationally in the Department of Technical Sci- 
ences of the Academy; the Steklov Institute, the Mos- 
cow Computing Center, and the Institute of Precise 
Mechanics and Computing Techniques are in the De- 
partment of Physico-Mathematical Sciences. The two 
universities are organizationally in the Ministry of 
Higher Education. There are numerous other Institutes 
of these two departments of the Academy, and there are’ 
several other departments. In addition, there are ca 
search institutes attached to GOSPLAN, to other Alle 
Union Ministries, and to various state committees. It’ 
is quite possible that computer developments are in! 
progress in some of these areas; the contacts with the' 
western world in computing matters have been almost’ 
exclusively through Lebedev and his Institute. 
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APPLICATIONS 


Machine Translation of Languages at Leningrad 

At Leningrad University a group of eighty people is; 
working on machine translation. This Experimental 
Laboratory of Machine Translation is headed by Dr. 
Nicoli D. Andreyev, and includes S. Ya. Fitialov of the: 
Leningrad University Computing Center and G. C. 
Tseiten,”4 a logician. Research on translation by auto- 
matic means is also done at three places in Moscow, at: 
Kiev, at Yerevan, and at Gorki. | 

They have separated the problem into analysis and 
synthesis. Under analysis is included several steps of 
which only morphology and syntactical analysis have 
yielded to their studies. Morphology is the identification 
of a word in a dictionary plus its declension or conjuga- 
tion; they feel that they have a solution to this. Syn- 
tactical analysis is difficult in Russian because the word 
order is freer than in English.** Fortunately, they have 
found that scientific Russian is not so varied in its 
syntactical structure and consequently they feel that 
they can handle its analysis. Since the other problems 
of analysis have not been solved, nothing has yet been 
done on the problem of synthesis. 

A conference on mathematical linguistics has been 
held recently at the University of Leningrad and a Pro- 
ceedings is expected to be published. The Leningrad 
group has already published one book on the subject of 
machine translation and hopes to publish two more in 
1959. They also told us of a very complete three-volume 
Russian grammar which has been published by the So- 
viet Academy of Sciences. 


** Name uncertain. This may be M. L. Tsetlin, referred to pre- 
viously, or it may be G. S. Tseytin. 

*» In addition to translating other languages to Russian, the 
Soviet research effort also includes the translation of Russian to 
other languages; hence the great interest in Russian syntax. There 
is no known research in this country interested in translating English 
to any other language. 
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achine Translation of Languages at the Institute of Pre- 
re Mechanics and Computing Techniques 


The language translation work at this Institute began 
1954, and an algorithm adequate for initial experi- 
ents was completed by May, 1955. For the first experi- 
ent on BESM-I, three English books of 400 pages each 
sre analyzed and a dictionary of approximately 2000 
tries was hand compiled. The algorithm for this ex- 
‘riment contained approximately 12,000 3-address in- 
ructions. In this first experiment the machine routine 
1d the vocabulary were contained in the magnetic 
‘um and tape stores. 

Their English dictionary has grown to approximately 
900 entries and each experiment processes approxi- 
ately 2000 sentences. An algorithm exists for analysis 
English grammar and they have developed a dic- 
onary for the Chinese-Russian work. The Japanese- 
ussian work is just starting, but a dictionary for words 
iving a single meaning and the analysis algorithm al- 
ady exist. The groups working on the various lan- 
1ages work separately but exchange their ideas and 
chniques freely. 

The IPMCT group presently feels that a dictionary 
approximately five to six thousand entries of techni- 
ul terms is sufficient for one complete area such as 
athematics. They also feel that approximately 45 per 
nt of the content of a technical article will be words 
ot peculiar to the technical area. Therefore, a total 
ictionary of approximately 10,000 entries is felt to be 
ifiicient for most work. They anticipate that for some 
me as much as five to ten per cent of the words in a 
2w article will not be found in a dictionary of this size. 
Although their initial work used “binary” algorithms 
hich proceed directly from the source language to the 
irget language, they now feel that it is desirable to 
anslate the source language into an intermediate 
nguage from which an exit to any desired target lan- 
1age can be made. In this connection Mrs. Nikolayeva 
id Bobitskiy”® are attempting to construct algorithms 
r translating Russian into an intermediate descriptor 
nguage. Such an intermediate language would estab- 
sh for each word in the source material a set of descrip- 
ve characteristics which define the use of the word and 
s context. In this connection their sentence structure 
1alysis algorithm first identifies the stem of each word 
id then identifies any endings, prefixes, etc., which 
ay be present. The next step of the algorithm identi- 
»s clauses, phrases, and word groups and also tries to 
solve these structures. By consulting the dictionary at 
ich step they also establish grammatic features for 
ich word. So far very little progress has been made in 
mnstructing the synthesis algorithms which reconstruct 
le material in any desired target language. 

Present experiments still use the BESM-I which is a 
niting factor. The lack of alphabetic input-output 


2 This may be Barbitskiy. 
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facilities on this as well as on other machines is a serious 
limitation to actual machine verification of the algo- 
rithms. N. L. Korolev, who took part in the early ex- 
periments, indicated that he felt a special machine for 
language translations might be about as follows:?7 


1) An input character reading device based on some 
simple logic. — 

2) A large read-only store of perhaps 100,000 words 
for the dictionary and a large part of the routine. 

3) A small internal operating store of perhaps one or 
two thousand words. 

4) Simple logical instructions not necessarily includ- 
ing alpha-numeric capability. The logic would 
probably use a Boolean algebra of two arguments. 


Some of the algorithms which have been written 
utilize tables. In particular, the IPMCT group uses an 
idiom table and marks any word which might be part 
of an idiom. Preposition tables which relate classes of 
words to meanings of prepositions are also used. 


Information Retrieval 


The Laboratory for Electro-Modeling, directed by 
Professor L. I. Gutenmakher (Fig. 46), is approxi- 


Fig. 46—Professor L. I. Gutenmakher. 


mately 21 years old, having first been organized in 1939. 
At that time the function of the laboratory was the an- 
alog modeling of physical phenomena. In 1945 the goals 
of the laboratory were redirected, and in 1953 the most 
recent objectives were stated to be the modeling of 
mental processes and of the brain. The first efforts will 
be directed to mechanizing such logical mental processes 
as reading and abstracting. At present, this Laboratory 
includes the following groups: 


1) A logical-mathematico department, 
2) A mathematicai linguistics department, 


27 The LEM-I at Gutenmakher’s Electro-Modeling Laboratory 
has many of these features. It may be an experimental special ma- 
chine to test language translation concepts. 


100 


3) A department of mechanical methods in chem- 
istry, 

4) A department of storage devices, 

5) A department of permanent and erasable stores, 

6) A department of machine elements, 

7) A department of machine exploitation, 

8) A department of analog electrical modeling. 


Professor Gutenmakher felt that the problem of 
mechanizing automatic abstracting consists of three 
parts: first, obtaining visual characters in some coded 
form; second, storing this information in some efficient 
form; and third, forming the abstract, which is thought 
to be the most difficult part. He felt that special purpose 
rather than general purpose machines are desirable. For 
this reason the LEM-I machine was constructed to test 
components developed in this laboratory and to investi- 
gate some techniques for information retrieval and 
perhaps machine translation. 

This Laboratory has developed a form of read-only 
store which utilizes sheets of paper on which small 
capacitors have been printed.?® It was stated that 
100,000 bits of this capacitor storage is now operating 
in the laboratory and that the store is now ready for pro- 
duction by industry. In this store, data are retrieved on 
the basis of a descriptor rather than on the basis of a 
direct address. Thus simulation of the characteristics of 
such a store on a conventional general-purpose machine 
is difficult and ineffective for their experiments. Al- 
though the store responds to a descriptor rather than an 
address, it still contains a fixed word length for each 
descriptor. Professor Gutenmakher indicated that his 
laboratory is working on algorithms and equipment for 
information retrieval and that it has already developed 
an algorithm for describing an associative store. This 
algorithm resembles those which are being developed 
for machine translation. This Laboratory is also inde- 
pendently developing magnetic elements for their spe- 
cial machines. Magnetic elements will be used because 
of the requirement for reliability. 

The work of the Laboratory for Electro-Modeling ap- 
pears to parallel the work in the United States on the use 
of heuristic techniques in information processing. Pro- 
fessor Gutenmakher felt that what he called the associa- 
tive technique was another way of describing the 
heuristic approach. He also indicated that they have 
now given up trying to describe the activity of mental 
processes by partial differential equations. 

Rakov, a colleague of Gutenmackher’s, has con- 
structed a punched card information retrieval system 
which can scan 400 abstracts per minute. Each card in 


*8 J. W. Carr, A. J. Perlis, and J. E. Robertson, “A visit to com- 
putation centers in the Soviet Union,” Commun. Assoc. for Comp. 
Mach., vol. 2, p. 11, June, 1959. 2) Avtomaticheskoye Upravlentye i 
Bychislitenaya Tekhnika, Moscow, p. 136; 1958. Available translated 
from the Office of Technical Services, Dept. of Commerce, Washing- 
ton 25, D. C.; JPRS: S-871-N, 50 cents. 3) A. Kent and I, S. Isbell, 
“Soviet documentation, ” Amer. Docu Vola AO peelss January, 
1959. Contains pictures ‘of the storage device. 


IRE TRANSACTIONS ON ELECTRONIC COMPUTERS 


the file has from one to 24 descriptors associated with it, 

Apparently the Laboratory for Electro-Modeling a; 
one time was organizationally part of the Institute f 
Precise Mechanics and Computing Techniques, but wal 
transferred to the Institute for Scientific Information| 
It is uncertain whether the laboratory still has thi 
status or exists as an independent organizational enti 
in the Academy of Sciences. 


) 
‘ 


Character Recognition 


Work on character recognition is being done at th’ 
Institute for Precise Mechanics and Computing Tech| 
niques, but there was no discussion of this subject. A’ 
the Steklov Institute, Dubinsky is working on the idee 
of drawing a series of parallel lines through a line o/ 
print and then attempting to identify the characters by 
examining the intersections of the series of parallel line’ 
with the letters. We did have an extensive discussior 
about the character recognition research at the Com’ 
puting Center at Kiev. 

One technique was demonstrated and discussed by 
Kovalevskiy (Fig. 47) and Pukhov. The technique is at 


Fig. 47—Kovalevskiy and experimental character reading device 


edge-tracing scheme in which the beam of a cathode: 
ray tube scanner moves either clockwise or counter: 
clockwise depending on the output of a photo cell which 
views the reflection from the 1*inch high character 
under test. The scan is arranged so that after it has 
moved 0.1 inch in a straight line, it seeks to determine 
whether it is in a black or white area. If black, the bear 
turns perpendicularly in a counter-clockwise sense anc 
continues to scan for another 0.1 inch. If white, the 
beam turns perpendicularly in a clockwise sense anc 
scans for the next 0.1 inch. Therefore, the beam tends t« 
follow the outline of the character. In order to assure sta 
bility of the edge-following, the scan is arranged so thai 
if a transition from black to white occurs in the firs’ 
half of a 0.1-inch increment, the length of the next incre 
ment is made shorter. On the other hand, if the transi 
tion from black to white is found in the second half o 
the step, the following increment is made slightly longer 
It is intended that the pattern information generatec 
by this scan will be stored in a computer and from it wil 
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computed the average direction of the line, quantized 
the nearest 45 degrees. It is believed that a sequence 
such quantized line directions will then characterize 
h character. When the scanning reader is actually 
nected to a computer, it may be necessary for the 
nputer to control the motion of the scanning beam 
the basis of previous history. 

\ more elaborate concept suggested by Glushkov in- 
ves the scanning of a square in order to determine 
average darkness. The beam would be programmed 
scan adjacent squares in order to determine the direc- 
n of maximum darkness and to move in that direc- 
n. The associated logical equipment would store this 
ection and control the motion of the beam accord- 
‘ly. The direction and curvature of motion would then 
computed using first and second differences. A large 
ange of direction would indicate that such an inflec- 
n point should be recorded. If necessary, a coarse 
asure of length, such as short, average, or long, will 
o be computed for each line segment. It is hoped that 
m such a scanning scheme, a set of invariant char- 
teristics can be determined for each character. Ini- 
lly they intend to utilize approximately 50 words of 
wage, and it was thought that the associated logic 
uuld be constructed in terms of inexpensive magnetic 
re components. 


eory of Human Memory 


Linkovsky (Fig. 48), an engineer who has worked in 
th applied and pure mathematics, formulated a the- 


- Fig. 48—G. B. Linkevsky. 


y of the memory function in the human brain several 
ars ago.?® He conjectures that the memory function 
the brain is supplied by a collection of nonlinear 
illators. Experiments have shown that there are two 


29 The journal containing this work is uncertain. It may be the 
moirs of the Popov Society or the Journal of the Institute of Bio- 
sics; publication may have been in 1955, or may not yet have oc- 
red. 
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autonomous memory systems possible, one of which pre- 
serves the pulse amplitude as it is (relative memory) 
and the second of which quantizes the height (absolute 
memory). He believes that the memory function in the 
brain is of the absolute kind. He argues that a nonlinear 
oscillator can operate in two fashions: relatively, by in- 
tegrating sets of pulses, or absolutely, by merely re- 
peating any pulse form which comes to it. Such an oscil- 
lator will oscillate if the duration of the excitation 
pulse 7’ is less than the lag time of the circuit 7 in the 
following equation: 


w(t) = Alx(d)|x(¢ — 7), 
and if A is of the proper form. For A of the form 


A(x) = David, 


the system will oscillate if the initial value is a solution 
of the equation 


A(x) = 0. 


Initial values which are step functions of a size equal to 
the real roots of the polynomial equation 


Ax e=20 


are solutions. Further, combinations of such pulses of 
height equal to the real roots will also be solutions. 

A pulse consisting of the sum of three pulses of dura- 
tions 71, T2 and 73, and each of whose amplitudes is a 
solution of A(x) =0, will be remembered so long as 71 
+72+73<r. In this context, the roots of A(x) are essen- 
tially eigenvalues. For a discrete delay line of the type 
which this theory postulates, only signals of eigenvalue 
amplitude can be accommodated. Therefore, the quan- 
tized and stored wave shape cannot degrade with time 
except through accidental discrete jumps which means 
that the memory function is very reliable. As the poly- 
nomial A(x) degenerates to a constant, the system be- 
comes the conventional delay line capable of storing a 
signal of any amplitude, and therefore representing ab- 
solute memory. 

Linkovsky estimates that the nervous system has 
1410° such nonlinear oscillators. Each sense organ 
quantizes the information which it receives into pieces 
that can be remembered. A signal whose duration is 
greater than the maximum permitted by the eigenvalues 
of the polynomial A(x) is automatically distributed 
over several such memory oscillators. He believes that a 
repeated stimulus can cause static changes to take place 
in nerve cells and therefore some parts of the brain may 
have static memory; the brain as a whole, however, ex- 
hibits both static and dynamic memory. He concludes 
that since natural systems tend to be discrete and that 
since his theory can explain a discrete memory, the 
natural system may be a complete system of memory. 
His belief is that the nerve fibers form feedback loops 
and with the synapses permit the nonlinear oscillations. 
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Weather Forecasting 


At the time of our first visit to BESM-I, a weather 
problem was on the machine. The particular model in 
use had been developed by Dr. Bugaev, the Director 
of the Weather Forecasting Institute in Moscow. The 
model uses 500 lattice points and is for the northern 
hemisphere. It predicts the pressure and vorticity pat- 
tern of the 500-millibar level. Twenty minutes of ma- 
chine time is required for a 24-hour forecast. 


Digitally Controlled Machine Tools 


In the STRELA location at the Computing Center of 
the Academy of Sciences in Moscow, there was a unit 
capable of providing X, Y, and Z coordinates for posi- 
tioning of a machine tool. Simple parabolic interpola- 
tion is used but the over-all accuracy of control is lim- 
ited by the machine rather than by the computation. It 
has not yet been decided whether all of the tapes neces- 
sary for industrial use will be computed at a central loca- 
tion, or whether each plant will contain its own compu- 
tation facility. 

A picture of the tape unit for this experimental work 
is shown in Fig. 49. 


Fig. 49—Transport for 35-mm magnetic tape. 


Automatic Programming*® 


The first automatic programming system for the 
STRELA was completed in 1955. In 1956 one was com- 
pleted for the BESM-I, and in 1957 one was completed 
for the STRELA-III at the Academy of Sciences Com- 
puting Center. Finally, in 1958 an automatic program- 
ming system for the STRELA-IV at Moscow Uni- 
versity was completed. Each system required approxi- 
mately nine man-years of effort. The lack of alpha-nu- 
meric input-output devices has handicapped Soviet 
progress in this field. 

Interchange of routines for the STRELA machines 
has been difficult or even impossible because each in- 


30 J. W. Carr, A. J. Perlis, and J. E. Robertson, “A visit to com- 
putation centers in the Soviet Union.”Commun. Assoc. for Comp. 
Mach., vol. 2, p. 11; June, 1959. 2) “Status of Digital Computer an 
Data Processing Development in the Soviet Union,” ONR Symp. 
Rept., ACR-37, Washington D. C.; November, 1958. 3) A. P. Yershov, 
“Automatic programming in the Soviet Union,” Datamation, vol. 5, 
pp. 14-20; July-August, 1959. 
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stallation has changed the machine to suit itself. Tk 
same situation also prevails for a number of URAL: 
machines. Therefore each center has had to construc 
its own automatic programming system. Some peop) 
in the Soviet Union feel that it is not yet time for ther 
to standardize on a machine language. Their intent is t 
design many computers and to produce enough of eac 
one to accumulate a substantial body of experience. I 
perhaps five years, they believe it will be possible to se 
lect the best one for large-scale serial production. Mear 
while, translations of United States papers dealing wit 
FORTRAN, FORTRANSIT, UNICODE, IT, an 
ALGOL are being prepared and disseminated to ir 
terested users. 


Orbit Calculations | 


Preliminary orbit computations have been done 4 
the Computing Center of the Academy of Sciences i 
Moscow although final calculations are done elsewhere 
These calculations were done on existing serially pro 
duced machines rather than on machines constructe 
especially for the purpose; however, the machines ar 
specially organized.*! There are special organization 
which perform the orbit calculations although th 
Steklov Institute is sometimes involved in the prelim 
inary design of the computing routines. 

Some orbit calculations apparently have also bee 
performed by Shura-Bura at Moscow University Com 
puting Center although they are concerned about th 
accuracy of the calculations and insist that only rada 
data is available as input. There was considerable ir 
terest in the question of the transmission of data ove 
long distances. 


Linear Programming 


A particular transportation problem was describe 
to us. It involved the distribution of building sand by 
fleet of trucks operating from eight sources and deliver 
ing to 100 sites in the Moscow area. The problem wa 
first solved by the Simplex Linear Programming metho 
and required approximately three hours on STRELA 
A new method was evolved which produced a solutio 
in approximately 30 minutes. This work was don 
jointly by the Computing Center and the Institute « 
Complex Transport Problems; the actual work on tk 
8X 200 matrix was done by Yu. A. Oleinik. A paper o 
this new technique is in process. Some linear progran 
ming work is also being done for the Institute of Rai 
way Transportation Problems. 


Numerical Analysis 


Although work on electronic computers started in tl 
Soviet Union a few years later than in the United State 
the Russians have a long established tradition of ou 
standing work in numerical analysis. This is due part 
to the strong development of applied mathematics. TI 


*! This may imply special input-output devices, or it may imp 
a group of machines netted by communication links. 
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et Union is currently making a strong effort to 
r numerical analysis as a part of the intensive de- 
pment of computing. Approximately 40 per cent 
he mathematical students at Moscow University 
jalize in numerical analysis although the Chair of 
erical analysis is only four years old. This was 
eved in part by raising the stipend for students in 
nerical analysis and by lowering the academic re- 
‘ements for maintaining this fellowship.®? All mathe- 
ics students, regardless of their specialization, are 
uired to take courses in numerical analysis and pro- 
mming and to have some practical experience with 
iputing machines. 
‘he quality of the work in numerical analysis in the 
iet Union is impressive. The group at the Academy 
nputing Center has been applying a method orig- 
-ed by Dorodnitsyn for solving boundary value prob- 
s in difficult configurations. The method consists of 
lacing the partial differential equation by a system 
ordinary differential equations. Although restricted 
‘wo-dimensional problems, it is applicable to a wide 
ss of linear and nonlinear situations. In the detached 
ck wave problem, Dorodnitsyn’s method appears to 
the only approach in which the solution starts from 
geometrical outline of the given body rather than 
n an assumed shock wave front. The method is semi- 
yirical and complete theoretical justification of the 
thod has been sidestepped in favor of the achieve- 
nt of practical results. 
it Moscow University the research in numerical an- 
sis centers in Lusternik, Berezin, Zhidkov and 
lev. In Lengingrad, Ladyzhenska has developed a 
thod for solving differential equations using large 
9s while simultaneously achieving small errors. 
ntorovich, who is one of the discoverers of the linear 
gramming technique, is going to the Novosibirsk 
entific Complex where a strong development in com- 
ational mathematics is expected. Russian work in 
nerical analysis is published in a special journal. 
“he Russians seem to have succeeded in attracting 
re of the powerful theoretical mathematicians into 
nerical analysis and computational mathematics 
n has the United States. The intellectual climate in 
ssian mathematics makes it easier for an abstract 
thematician to make valuable contributions to ap- 
d problems. Related fields in mathematics such as 
1e theory and cybernetics were at one time under a 
id of ideological suspicion, but this has now been re- 
ved and many prominent Russian scientists are en- 
ng these fields. 


CIRCUITS AND COMPONENTS 
nm Films 


‘he development of thin film magnetic devices ap- 
rs to be in its early stages. We were shown experi- 


These special inducements for students in numerical analysis 
» recently been abolished. 
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mental vacuum evaporated deposited film samples on 
glass plates. These films were circular in shape, had 
been deposited at a pressure of 10-4 to 10-°> mm of mer- 
cury at a temperature of 200° to 500°C, and were perm- 
alloy (80 per cent nickel and 20 per cent iron). The films 
were from 500 to 2000 A thick and exhibited an excep- 
tionally square hysteresis loop. They ultimately hope 
to achieve a switching time in the order of 20 to 50 
mysec, 

The experimental setup for determining the hysteresis 
loop at 50 cps is shown in Fig. 50. This arrangement per- 
mitted placing the sample film in a uniform magnetic 
field on a table which could be rotated to orient the 
sample with respect to the field. Compensating coils 
were provided to adjust for field nonlinearity. Surround- 
ing the solenoid which generated the uniform ac field 
was a rectangular wire frame through which direct cur- 
rent could be passed to rotate the direction of the uni- 
form field. 

Kobelev indicated that they were not presently doing 
any low temperature thin film experiments at IPMCT, 
but that such work was being done elsewhere. 


Fig. 50—Experimental setup for determining 50-cycle hysteresis 
loops of thin magnetic films. S=solenoid for generating uniform 
ac field; 7 =table to hold sample (rotatable) ; R= “external” cubic 
frame for rotating field; C=compensating coils (B-H pickup coils 
not shown). 


Ferrite Cores 


An experiment was demonstrated for investigating 
the switching time of magnetic core materials. The 
particular sample shown was being switched at a 100- 
cps rate, in a coincident current mode at 0.5 usec. The 
rise time of the current pulses was approximately 10 
msec; with increased drive the same cores could be 
switched at 80 mysec. Under these conditions the 
switching field was the order of 5 to 6 oersteds. The 
cores were approximately 3 mm in outside diameter and 
the H, was approximately 1 to 2 oersteds. 

We also saw in operation equipment for automatic 
testing of cores. It is similar to that which is used in 
this country for the same purpose. 

A detailed discussion of the characteristics of some 
magnetic cores which were given to the delegation is 
contained in Appendix III. 


Transistor Circuits 


Transistor circuits were demonstrated using indus- 
trially produced P-N-P alloy diffusion transistors with 
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a 120-mc alpha cutoff. 400-mc transistors are available 
but are in use only in communication circuits. In one 
laboratory we observed an experiment for determing 
optimum characteristics of transistor triodes by the 
systematic determination of the small current break- 
down voltage. For the 120-mc transistor, typical re- 


ALLOWABLE STATES 
00, 10,01 


Fig. 53—Schematic of SETUN ternary shift register. 
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verse current is 5 wa at a reverse base-emitter voltay 
of two volts. j 

A flip-flop was demonstrated which exhibited a 2/ 
musec rise time and was changing every 200 musec. Th 
transistor logic circuits which we saw utilized the cw 
rent switching OR and AND configurations; an excli 
sive-OR version also exists. 

We also observed a ten-stage transistor-core shii 
register packaged in a plug-in unit. They have exper 
enced no particular difficulties with the contacts of 
Jones-like plug. The frame into which these particuld 
packages were inserted was also shown (Figs. 51 and 52) 
Fig. 53 shows the schematic of the SETUN ternary shi) 
register. 

The characteristics of sample transistors which wer 
given to us are shown in Fig. 54. 


) 

Miscellaneous 
The engineers in charge of machine development <¢ 
the Institute of Precise Mechanics and Computing Tecl 


I. 24Germanium high-frequency transistor, type 
P403A (experimental sample) 


Collector voltage! —5 volts 
Emitter current! 7.5 ma 

Current amplification >0.96 

Oscillation frequency? > 120 MC 

Collector capacitance < 10 mmf 

Collector reverse current < 5 ywamps 

Output conductance < . 5 ymhos 


Collector capacitance X 
base resistance < 500 uuf-ohms® (uusec) 
Type PNP 
IT. ?5Germanium junction transistor, type 
P406 (production sample) 


Envelope marked: 
Russian Socialist Federative Soviet Republic 
Leningrad Council of the National Economy (LSNKH) 
Administration of the Radiotechnical Industry 


Collector voltage! —6 volts 
Emitter current! 1 ma 
Current amplification >0.95! 
Current amplification 

at 10 mc >0.70 
Collector capacitance < 20 mmf 
Collector reverse current < 6 yamp 


Collector capacitance X 
base resistance 
Collector dissipation 
(natural cooling) 
Maximum case temperature USAC. 
For common emitter circuit: 


<2500 psecs® 


Collector potential —6Vv 
Collector current <a 5 ma 
Type PNP 


Solder at least 5-8 mm (0.2-0.3 inch) from case for not 
more than 2-3 seconds with a 50-60 watt iron. 


1 It is not stated whether these are maximum or typical 
values. 

* This is a translation of the information on the envelope in 
which the transistor came. 

8 This is very clearly an oscillation frequency (GENE- 
RATSIY CHASTOTA) and not an a-cutoff frequency. ; 

4 The only source information on this envelope is GKRE- 
Scientific Research Institute. This is thought to be the State 
Committee for Radio-Electronics Scientific Research Institute. 

5 This transistor almost certainly comes from the Svetlana 
Tube Plant in Leningrad. 

6 The use of a different form of unit here plus other differ- 
ences in the original information clearly suggests these two 
transistors come from different organizations. 


Fig. 54—Transistor characteristics. 
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ies indicated that the recombination time of the best 
sian diodes is 0.1 usec. With the uncertainty in the 
nition of the term itself, it is not clear whether this 
pares favorably or not with the best presently 
able diodes in the United States. There seems to be 
e interest in the Soviet Union in developing spe- 
zed beam switching tubes for purposes of logical 
ration rather than storage. Soviet standard radio or 
vision tubes exhibit an average life of 5 to 10 thou- 
1 hours and therefore it has not been necessary to 
elop special long life types for computer usage. 
oviet design philosophy appears to parallel that in 

country. They derate the current capability of 
es by 50 per cent. They also derate the power rating 
esistors by 50 per cent, but, in general, they operate 
acitors at 100 per cent of rating because their pro- 
tion test procedure tests the capacitor to double its 
king voltage during manufacture. Common resistors 
ea 5 per cent tolerance but occasionally they match 
‘s for particular applications such as a voltage di- 
ar. 


Major MACHINE COMPONENTS 


gnetic Drums 


ome magnetic drums appear to be in serial produc- 
| by industry. The unit shown in Fig. 19 is used on 


105 


the BESM-II machine, the Kiev machine, and was seen 
in other places. A summary of magnetic drum charac- 
teristics is shown in Table II. In this table the unit 
listed under BESM-II is the one which appears to be 
an off-the-shelf item of commerce. 


Magnetic, Paper and Film Tapes 


Early machines utilized punched 35-mm cinema film. 
The punched film handler of the URAL-I is shown in 
Fig. 25. A similar transport is also used on URAL-I to 
handle 35-mm magnetic film. Both tapes of URAL-I 
are closed loops, implying that a reverse mechanism 
does not exist. The perforated tape operates at 13 
meters per second with a data rate of 75 numbers per 
second, and at a packing density of 50 numbers per 
meter. The data transfer rate on the magnetic tape is 
also 75 numbers per second. 

The STRELA is equipped with a magnetic tape unit 
whose tape is approximately four inches wide. A word is 
written on this tape completely in parallel. Fig. 30 shows 
this unit. 

The magnetic tape units of the BESM-I are modified 
audio tape transports and are shown in Fig. 14. The per- 
forated tape reader also uses a similar transport (Fig. 
U5). 

Table III summarizes the characteristics of the mag- 
netic tape transports of the various machines. 


TABLE II 
Soviet MAGNETIC DRUMS 


Circumferential 


Number of | Capacity, Head Transfer 


Speed,| Diameter, Length, é Axial packing, 5 ‘ Conard R k 
rum RPM inches inches eee tracks per inch traces ad weras ver ROA oe ae nee oe a MENS SS 
15-18 E = — — 44 tracks 4000 bits/ _ — — — 
fet aan 88 heads track 
2 stations 
TI 6000 — — — — —_— 2048 half = — 100 — 
words 
L- ) —_ — 100 4 (6 mm be- —_ 8192 0.8-1 40 (?) 5000 Expect 6 months with 
L-II 600 (4 pulses/mm) | tween tracks) (20-25 (1 mm) no inspection of drum; 
microns) spare drum to be sup- 
plied with each ma- 
chine; customers will 
report troubles. 
: = — — 75 — 100 6000 dco - — — 
4 (3 pulses/mm) 40 bit (30 mi- 
_ crons) 
- 5 16 (40 cm. 75 10 (24 mm be- | 44 tracks 6600 0.24 (?) == 12,000 | Similar drum ran 3 
en gcouryiasocm.) Soe (3 pulses/mm) tween tracks) | 88 heads (6 mi- years on BESM-I 
. crons) without trouble. 
§ uh ee a 10-2! — 8-50 ,000 | 0.25-1 0.25 10-50 ,000 | Special drums are as 
a; S. | 1800 8-12 12-36 100-400 0-20 large as 400,000 words 
with a recording den- 
sity of 1000 pulses per 
inch. 
TABLE III 
SoviET MAGNETIC TAPES 
Linear Speed ; : d Transfer rate, 
Viachine Width inches per Start/stop |Density bits per inch} Words per tape words per Tracks 
second second 
. — 30,000 (?) 2 
SM-I 1 inch — 4 seconds (?) : : 
SM-II i inch 80 (2 m/sec) seconds 200 (8 bits/mm) 30,000 400 2 
AL-I 35 mm 30 (0.75 m/sec) msec 32 (1248 bits/m) 40 ,000 75 Mil 
AL-II 35 mm 60 (1.5 m/sec) msec 210 (8,300 bits/m) 700 ,000 1000 11 
RELA 4 inches 16 seconds 62 (23 bits/mm) 200 ,000 1000 43 
20 = = — -- — ae es 
sical U. S 1 inch-3 inches | 75 5-10 msec. 200 1,000 ,000 2 ,500-10 ,000 7 to 36 
: maximum 
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Input-Output Equipment 


The BESM-I uses punched paper tape input and out- 
put. The BESM-II will also use punched paper tape in- 
put and output. Both machines also have a 15-line per 
second, 14-column numeric-only printer (Fig. 16). The 
STRELA uses punched card input and output. The 
card equipment appeared to be generally similar to that 
in use in this country for the same purpose although the 
operating rates are somewhat slower. A full line of 
numeric 80-column and 90-column punched card equip- 
ment is presently manufactured in the Soviet Union and 
such equipment will probably be coming into increasing 
use for input-output facilities of computers. 

Two new printers were demonstrated. At Penza the 
the rotating drum printer intended for the URAL-II 
was seen. Timing signals are provided by illuminating a 
sequence of slots cut into the circumference of a hollow 
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Fig. 55—Schematic of 50 lines per second printer. 


TABLE IV | 
SOVIET PRINTERS 
— 
Printing 
Machine Columns Characters _ Rate Remarks 
lines per 
second 
BESM-I 14 Numeric 15\ No carbon copies; Roll paper 
BESM-II 14 Numeric 15/ No format carriage control 
STRELA 10 Numeric 50— Experimental, not yet completed. Roll paper 
URAL-I 19 Numeric 1.6 
URAL-II 16 to96 | Numeric 20 
KIEV 19 Numeric 1.6 
Typical U. S. early 1959 | up to 120 | Alphanumeric—up to 56 characters} Up to15 | Fanfold paper, multiple copy, format carriage contt 


cylinder at the end of the drum. The passage of the slots 
is read by a set of germanium photo diodes; the data to 
be printed are stored in a magnetic core matrix on a 
character-by-column basis. At the STRELA location of 
the Computing Center of the Academy of Sciences an 
experimental numeric-only printer was demonstrated. 
This device is not yet fully operational and it is hoped 
that it will ultimately achieve a rate of 50 lines per 
second, 10 characters per line. The principle of opera- 
tion of this printer is shown in Fig. 55. As is seen from 
this figure, the zeros in any line are inserted at one 
position of the paper, the ones of the same line are in- 
serted in the following position, and so forth. Therefore 
to completely print one number only, it requires 10 ad- 
vances of the paper. However, in printing a long se- 
quence of numbers, 10 lines at a time are being com- 
pleted. Such a printer requires that 10 complete lines 
of information have to be prepared and stored within 
the computer. There is also a rather complicated refill 
and release cycle necessary to couple the printer and the 
machine proper. 

Table IV summarizes the characteristics of the 
known-printers. 


Magnetic Stores® 


The 1024-word store designed at the Institute f 
Precise Mechanics and Computing Techniques _ hi: 
served as the model for the stores of subsequent lar; 
Soviet machines. The same storage device is being use 
in BESM-II* and also in the Kiev machine. Contra 
to the usual store organization in this country, the S 
viet so-called type Z system is riot a coincident curre 
read; an N-way decoder switch is used to end-drive < 
columns of the desired word (Fig. 56). Approximate 
one and one-half times switching current is applied - 
the core for reading. Writing into the store is, howeve 
coincident current. 

In order to minimize the change in load presented - 

_ VV. V. Bardizh, “Magnetic Internal Memory with Direct Sele 

tion,” Institute for Precise Mechanics and Computing Techniqu 
Academy of Sciences, USSR, Moscow; 1958. This paper was pt 
sented at the 1958 University of Michigan Summer Conference | 
Computing Machines. See also S. A. Lebedev, “Certain Works 
the Sphere of Computing Techniques,” Institute for Precise M 
chanics and Computing Techniques, Academy of Sciences, USS 
Moscow; 1956. ‘This paper was presented at a 1956 conference 
Stockholm. 

% Aleksei Fedorov, one of our technical guides, was largely 1 


sponsible for the design of the 2048-word version used in BESM- 
and other machines. 
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0 BITS 48 


Magnetic 
Decoder 


ix ix 


Output.—_ Output ~ 


. 56—Essential features of the Type Z store. (This drawing is 
patterned after one in a paper by V. V. Bardizh.) 


e end drive switch, two cores are used for each bit. In 
is way the same number of cores changes state at 
ch cycle regardless of the digit content of the word. 
1e cycle time of the standard type Z store is 6 psec, 
though in the BESM-I and BESM-II machines, it is 
ed at a 10-usec cycle. The basic unit of construction is 
rectangwar frame which contains both storage and 
itch cores. Each frame contains 128 48-bit words or 
total of 12,288 storage cores (12848 x2), and also 
ntains the 128 switch cores. These frames are then 
acked to provide over-all stores of 1024, 2048, or 4096 
yrds. So far, no machine has utilized all of the 48 bits 
ovided. The extra bits are regarded as spares in case 
fabrication difficulties. 

An experimental store has also been built using two 
res per bit and operating with a total cycle time of 0.2 
ec. The cores in this experimental unit have an inside 
ameter of 1 mm and the current drives have a rise 
me of approximately 30 myusec. There is also in serial 
-oduction by industry a 64-word by 50-bit store with 
one-microsecond cycle time. It is possible that this 
1it is not a coincident current type but rather a mag- 
tic shift register type.*® 

Experimental transistor stores have been constructed 
it adequately fast high current transistors are not 
-esently available. It was estimated on the basis of 
\eir experience that the inductive voltage for 40 cores 
of the order of 3 volt. 

The magnetic core store for URAL-II is a one core 
sr bit coincident current type. 


ther Components 


Typical other types of components are shown in Fig. 


i 


35 There is some uncertainty whether the cycle time is 0.3 ps or 1 
. The best guess is a 1-us cycle time but a 0.3-us access time. 
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» 
Fig. 57—Various electronic components (identified by position): 
P-403A Transistor Capacitor 
P-406 Transistor Capacitor 
Wound Core Resistor Capacitor 
Diode 


Potentiometer 


EDUCATION *® 


The career of a student begins with ten years in ele- 
mentary and high school. All students not in the upper 
five per cent of the graduating class are required to have 
two years of working experience before applying to an 
institution of higher learning. A high school graduate is 
permitted to apply to one university only and, if re- 
jected, cannot hope to gain admission at that time to 
another school. Admission to a university used to be 
based primarily on the result of competitive examina- 
tions. For mathematics, such an examination might 
cover mathematics, physics, a foreign Janguage, Rus- 
sian language, and Russian history. The average enter- 
ing age of university students is 17, and approximately 
90 per cent of them have government living expense 
fellowships. 

After admission a student devotes five full years to 
study. During the first two years all students in a field 
take the same courses, but during the final three years 
specialize to a certain extent within the field. The pro- 
gram of study for each speciality is rigidly prescribed. 
By looking up his plan of study, a student will know in 
advance which courses he must take during each year, 
which term papers and examinations he will have in 
each course, and in which weeks these examinations 
will take place. Every student is required to take eleven 
terms of ideological subjects such as Marxism-Lenin- 
ism, dialectical materialism, history of the Communist 
party, political economy, and economics. He is also re- 
quired to take four terms of a foreign language and four 
terms of physical education. In his five years, a student 
will have to pass 32 oral examinations, will have to sub- 
mit 36 reports, and write 9 term papers. During his final 


36 See: “Soviet Commitment to Education,” U. S. Department of 
Health, Education and Welfare. The report of the first official U. S. 
education mission to the USSR; available from U. S, Government 
Printing Office, Washington, D. C., for 70¢. 
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term a student is required to write a diploma disserta- 
tion and to acquire some practical experience. Prior to 
graduation he is expected to take two state examina- 
tions: one in Marxism-Leninism and one in his special- 
ity. 

Each undergraduate student is assigned an advisor 
(teacher), although his final grade is granted by the Sci- 
entific Council of the university. The Scientific Council 
is also responsible for recommending a student to gradu- 
ate study. During each semester, docents (associate pro- 
fessors) and the full professors lecture and hold recita- 
tions for the classes. The examinations are given by the 
assistants although a student’s final examination is re- 
quired to be given by his assigned teacher. During the 
five years of study there are examinations on four sub- 
jects each half year. Two or three months before gradua- 
tion, each student is appointed to a job according to his 
speciality; he cannot leave or be dismissed from this job 
for three years. If there is no opening in his field, the 
university is obliged to find him a position in a related 
field. The appointments of students to jobs are appar- 
ently controlled by a Central Council for Production. 

A research worker may lecture or may supervise a 
thesis but he is not permitted to teach until he has suc- 
ceeded in a competition and shown competence in his 
field by means of publications or accomplished work. 
On the other hand any teacher is permitted to do re- 
search work.*? 

The content of each course is determined by the Min- 
istry of Higher Education, though the preparation of 
the detailed program is done by the professors. The 
lectures are supposed to adhere to the prescribed con- 
tent rather rigidly since the students are to be examined 
on everything stated in the program and on nothing 
else. A Russian mathematical graduate will have a 
shallower knowledge in each field than his American 
counterpart but he will be familiar with a larger number 
of fields. The Russian student will also be unacquainted 
with modern terminology and modern methods but, un- 
like the American student, every Russian mathemati- 
cian has a three-year foundation in physics, and has 
been required to take a minimum number of courses in 
computer mathematics. 

The diploma paper which a student writes under the 
direction of his advisor in his tenth term is approxi- 
mately at the level of the bachelor’s thesis in American 
universities. It must be publicly defended before an 
audience which includes the professors belonging to the 
relevant chair, the advisors, the referees, and any stu- 
dents who may wish to attend. After successfully pass- 
ing his final thesis defense, a student graduates either 
simply or “with distinction.” Then he either becomes 
an “aspirant” or must take a job. If he is required to 
take a job because of poor grades, he has little chance 
subsequently to attain a higher degree. 

Future scientific workers are recruited from the ranks 


*7 Notice the very particular sense in which the word “teacher” is 
used in the Russian connotation. 
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of the aspirants. An aspirant “aspires” to the first ad 
vanced degree, that of “candidate.” He takes no formas 
courses in his three years of graduate work but musi) 
write a candidate’s thesis and defend it at a stiff public 
examination. This candidate’s thesis is written undei 
the direction of an advisor and appears to be at a leve 
slightly below that of a Ph.D. thesis in leading American) 
universities. A candidate is entitled to teach at an instil 
tution of higher learning, but to achieve the rank of a 
fessor, he must generally earn the highest learned de; 
gree, that of “doctor.” 

The doctor’s degree is also acquired by publicly de: 
fending a thesis. This thesis is written completely inde« 
pendently and must constitute a significant contribu 
tion to knowledge. Only a few doctor’s degrees are 
awarded each year in the field of mathematics. Thus, 
while a Russian candidate is approximately betweer 
the American M.S. and Ph.D., a Russian doctorate de- 
gree is somewhat beyond that of the American doctor- 
Aue: 1 
The Role of the Soviet Academy of Sciences 
in the Scientific Life i 


The All Union Academy of Sciences of the USSR and 
the 15 Republican Academies of Sciences play a dom- 
inant role in the scientific life of the Soviet Union. The 
bulk of the scientific research work in Russia seems to 
be carried out by the various Institutes of the Academy. 
Each Institute seems to be a largely independent unit 
organizationally, is often housed in a single building, 
and is strongly influenced by the personality of the 
director who has two deputies, one for scientific matters 
and one for business matters. He is assisted by a Sci- 
entific Council consisting of the senior members of his 
Institute. 

The-scientific employees of an Institute are both pro- 
fessors of institutions of higher learning and graduates 
of universities, with or without advanced degrees. The 
support staff consists of technicians, clerical workers, 
etc. A professor working at an Institute may devote 
any percentage of his time to his work. For some, the 
Institute seems to be a secondary affair, a role cor- 
responding to consulting in the United States. For 
others, the Institute is the principal job even though an 
institute employee may also give a course at a uni- 
versity. 


An Academy Institute performs no direct teaching 
functions even though some of the employees may be 
aspirants who work on a candidate dissertation under 
the direction of a senior member of the Institute. Stu- 
dents required to gain practical experience may acquire 
it by working at an Institute. For instance, students 
come to the Institute of Precise Mechanics and Comput- 
ing Techniques for practical experience in both the de- 
sign of computers and the programming of computers. 
Such students not only come from all over Moscow, but 
from all over the Soviet Union and China, and spend 
three months there, An Institute may also give evening 


rses of a nature similar to the extension courses of 
lerican universities. 
he highest class of membership in the Soviet Acad- 
yy is that of Academician. The number of Academi- 
ns in a given field is relatively small and fixed by law, 
election to the Academy is considered the greatest 
nor which a Russian scientist may achieve. A member 
the All Union Academy receives a salary of 5000 
| les per month in addition to any salary he may re- 
ve from his job. He is also entitled to an official car 
d to preferred housing. A member of a Republican 
ademy receives a salary of 3500 rubles per month. A 
cond class of membership is that of Corresponding 
ember who receives a salary half that of an Aca- 
mician. In 1946 each Academician of the All Union 
rademy received a “Dacha,” or summer home near 
jOscow. 

( Economic Status of Scientists 

In evaluating typical Russian salaries it must be re- 
embered that the highest income tax in the Soviet 
nion is 13 per cent and that all other taxes are indirect. 
irther, medical care and certain other services are 
ovided cost free by the government. Living conditions 
e below American standards, and in all cases, the per- 
ntage of income devoted to rent is much lower than 
at in the United States. Remember also that while 
e tourist exchange rate is 10 rubles per dollar, the 
ommercial” exchange rate is approximately 4 rubles 
r dollar. 

For mathematicians in a research institute, university 
aduates start at 1050 to 1350 rubles per month, candi- 
ites at 1850 to 3000, and doctors at 3500 to 6000 rubles 
+r month. The scale for engineers at similar Institutes 
slightly higher. For comparison, a charwoman re- 
ives 420 rubles per month, a chauffeur 500 rubles, an 
verage skilled worker 800, a taxi driver 1200 rubles, a 
gh school teacher from 600 to 1500, while old age pen- 
ons range from 400 to 1250 rubles per month. 
Professorial salaries are fixed all over the Soviet 
nion. A professor receives 4500 rubles per month plus 
1 additional 500 if he is in charge of a Chair. If an 
cademician, he also receives the additional stipends 
eviously noted. Professors often supplement their 
come by consulting or part-time teaching at other 
liversities. If the professor is well known, such addi- 
onal work is not difficult to obtain and a man may de- 
y»te as much as 13 days per week to this second job, 
r which he is paid at half rate. A particular individual 
ay have a full-time appointment at one Institute, may 
working at a second job at another, and perhaps con- 
Iting for a third and a fourth. To some extent the sal- 
y structure of scientific workers depends on the im- 
yrtance of the Institute. Mathematicians and physi- 
sts are among the top levels. 

It is also possible to earn additional income by author- 
g scientific books. The rate per page seems to depend 
yon the status of the author and upon the subject of 
e book; for a man just below the status of full Aca- 
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demician, a typical figure is 2000 rubles per 16 printed 


pages. The salary structure for programmers is shown 
ie ables i 


TABLE V 
TYPICAL SALARIES FOR PROGRAMMERS 


Status in Research Institute (Rubl pert onth) 


Junior Scientific Worker, non-Candidate or 1050-1350! 
Candidate of Sciences 1850-2000 

Senior Scientific Worker, Candidate or 2500-3000 
Doctorate 3500-4000? 

Head of Laboratory, Doctorate 3500-6000 

New Graduate, starting 1050 

No Degree, 1 year experience 12008 

Degree, 1 year experience 1350 


1 An engineer in this category is from 1200-1800. 
* In exceptional cases this may have an upper limit of 6000. 
3 This will be 1300 for industry. 


The Novosibirsk Development 


It is a general belief in Russia that the future of the 
Soviet Union is closely allied with the development of 
the immense and largely unexplored natural resources of 
Siberia. M. A. Lavrentyev is credited with persuading 
the Soviet Government to establish a powerful scientific 
center in Novosibirsk. Academicians Khristianovitch 
and Sobolev are the other two leaders of the Novosibirsk 
project. 

This new scientific establishment is intended to be a 
nerve center for the development of Siberia. Novo- 
sibirsk itself is already a large industrial city and itis 
now to become the site of a large complex of scientific 
institutes and training centers for scientists. A new 
Siberian division section of the All Union Academy has 
been created with Lavrentyev in charge. The govern- 
ment has also created ten new positions for Academi- 
cians; among the new appointees are mathematicians 
I. N. Vekua and A. I. Maltsev, and the hydrodynami- 
cist P. Y. Polubarinova-Kochina. Several other out- 
standing scientists have been invited to join the Novo- 
sibirsk Center; among them are L. V. Kantorovich of 
linear programming fame, and A. P. Yershov of auto- 
matic programming. It is intended to create a new 
university there whose rector will be I. N. Vekua. There 
is also planned a Siberian Mathematical Journal and a 
Siberian edition of the Doklady. 


CHINESE DEVELOPMENTS 


A number of Chinese engineers and programmers were 
observed in various laboratories during our visit. Ap- 
parently they have come to Moscow for training. It was 
indicated that the Chinese have developed a machine for 
themselves which is partly ferrite logic and partly 
vacuum tube logic, and which has a capability between 
that of the BESM-I and the BESM-II. The Chinese are 
also supposed to have developed a machine which is 
completely their own design. It operates at approxi- 
mately 5000 operations per second and is presently being 
readied for serial industrial production. 
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APPENDIX | 


URAL-I INSTRUCTION REPERTOIRE 


The information on the URAL-I machine is from a 
book which describes this machine and which was given 
to members of the delegation: “Programming for the 
Digital Computing Machine—URAL,” by V. N. Bond- 
arenko, I. T. Plotnikov, and P. P. Polozov, Moscow, 
1957. Most of the information is from a table of instruc- 
tion types in the rear of the book. Some of the explana- 
tory notes have been supplemented by information 
from the text material. A block diagram of the machine 
(page 7 of the reference) is shown in Fig. 58. As shown in 
Fig. 59, an instruction is regarded as a half word. Of the 
address field, only 32 octal digits (11 bits) are used for 
direct addressing of the store; the remaining bit indi- 
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Number and command channels. 


——=— Control channels. 


Fig. 58—Block diagram of the URAL-I. 
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cates whether a full word or a half word is desired. Of the 
operation code field, only 12 octal digits are used in 
specifying the instruction; the largest operation code 
can therefore be 37. The remaining bit is used to indicate | 
that the instruction has an address part which will be 
modified. 

The two signals w and @ are generated within the 
machine under certain conditions and are used to con-. 
trol subsequent operations. The signal ¢@ clearly plays 
the role of an overflow indicator; the signal w usually 
plays the role of a sign indicator, although in special 
cases (instructions 12 and 15 for instance) it indicates 
other conditions. The response of the machine to these 
two signals depends upon the position of two console 
switches, the “block-6” key and the “stop-on-d” key. 
If the block-¢ key is “on,” the overflow indication is ig- 
nored, and the sequence of instructions is not changed. 
If the arithmetic result is less than 2, it can be nor-. 
malized to less than unity without arithmetic error. If 
the “block-on-$” key is “off,” the response of the ma- 
chine depends on the “stop-on-¢” key. If “on,” the ma- 
chine stops; if “off,” the machine traps to storage cell 
0001 in which must be stored a jump instruction to an 
appropriate place in the routine. 

Except where necessary to clarify meaning, the Rus- 
sian idiom has not been replaced by the English idiom, 
principally to indicate their phraseology for familiar 
concepts. 


peewee code 


Address an 


Prete. of Gucheel Bane ee of half a =a 


Indicator of full word 


Indicator of a command with a variable address 


Fig. 59—Instruction format of the URAL-I. 


SYSTEM OF COMMANDS FOR THE MACHINE URAL-I 


Notation: 
(co) Contents of summator! before command has been fulfilled. 
(c) Contents of summator after command has been fulfilled. 
(p) Contents of the register! of the arithmetic device. 
(a) Contents of the cell a of the magnetic drum. 


Cae: Designation : Command ee Ree 
Ones 6 of | Operation (base t's) 8 Brief description of the operation 
ote perations Fens aS 
01 Sica Addition of numbers Ola (c)<—0 l@)|21) ©=()+@ 
(co) +(a) 


* The word “summator” appears to play the role of our “accumulator” while “register” plays the role of our “MQ-register.” The word 
“accumulator” appearing in the block diagram seems to imply “storage.” 
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SYSTEM OF COMMANDS FOR THE MACHINE URAL-I (Continued) 


Peer Dec oarion Exe ‘ none for ceuciayion 
Opera- of © Operation (aes) Se ee Brief description of the operation 
Ens Operations 2, = 
o= g=l 
02 Sly Loading a number into 02a (c)<—0 —— (c)=(a) 
the summator 
03 Vch 1 Subtracting numbers 03a (c)<—0 \()|>1} © =(c)—(@ 
(co) — (a) 
04 Vch 2 Subtracting the absolute 04a (c)<-—0 = (c) = | (eo) | —| (a) | 
quantities of numbers 
05 Um 1 Aiea of numbers 05a © <—0 (c)>1 (c) = (Co) + (p) - (2) 
p)-(a 
| 06 Um 2 Multiplication of numbers 06a (c)<—0 te (c) = (Co) - (@) 
(co) - (a) 
| 07 DL Division of numbers O7a (c) <—0 l)| 21] © =)+@ 
(Co) + (a) 
- 
| 10 F3 Set the sign of (co) to the 10a (c) <0 —— ¢=|(co)| with the sign (a) 
| sign of the number (a) 
- 
iki! Sd Shift of a number 11 0000 (c)=+0 = Shifting of (p) by (co) places; if (c) <0, to 
the right; if (c) >0, to the left. (c) must be 
| in columns 19 through 35. 
iW Vd Extracting part of a num- 12a @=0 — Separating the part according to the rule 
ber with the aid of a num- of column-by-column logical multiplication 
ber (a) of (co) and (a). The result is (c). 
13 Fr Forming a number from 13a (c) = +0 — Forming of (c) according to the rule of 
numbers (co) and (a). column-by-column logical addition of (co) 
and (a). 
14 Sr The comparison of num- 14a (c) ¥(a) — Comparison of (c) and (a) according to the 
bers (co) and (a) rule of column-by-column addition (i.e., 
exclusive-OR). The result if (c). 
15 Nr Normalization of a num- 15a @EH0 — After normalization, the number is sent to 
ber (c) the cell (2). The number of shifts is placed 
in the summator with the appropriate sign: 
—if shifting has been to the left, + if shift- 
ing has been to the right. 
16 Pb Store a number (co) into 16a (c)<—0 — (a) =(c) 
the cell (a) 
17 iPte Loading a number (a) in- | 17a (p) = +0 — (p) =(a) 
to the register 
20 Ps Load the summator with 20k — —— (c) =(k). k is a signed 12 bit number in the 
the address part of this address field of the instruction. k <3777. 
command 
21 E1 Conditional transfer of 21a Retained from — When w=1 the control is transferred to the 
control the preceeding command (a). When w=0 the control is 
cycle transferred to the command which follows 
21a. 
22 E2 Unconditional transfer of 22a Retained from — The control is transferred to the command 
control the preceeding (a). 
cycle 
23 E3 Transfer of control ac- 23k Retained from — The command which follows 23k is used or 
. cording to the Key k the preceeding not according to the position of the kth key 
cycle on the console. k ranges from 1 to 7. 
24 E4 Transfer of control in a 24a _- —- The control is transferred to command (a) 


cycle 


while a cycle of commands is being re- 
peated. After the number of repetitions is 
complete, the control advances to the fol- 
lowing command in sequence. Used to- 
gether with command 25n. 


2 The absence of the overflow indication in multiplication verifies that the machine represents numbers as fractions. 
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SystEM OF COMMANDS FOR THE MACHINE URAL-I (Continued) 


Number 


Desimuation Conditions for generation 
of of Operation Command of the signals Brief description of the operation 
Opera- O ie (base —8) 
tions previo wo=1 o=1 | 
2s Nts The beginning of a cycle 25n — — The group of commands beginning with (a) _ 
and ending with the command 24a is re- - 
peated: 1) m-+1 times if the address is mod- 
ified by one unit (i.e., cycling through a 
sequence of half-word locations) ; ‘ ; 
2) n/2+1 times if the address is modified 
by two units (z.e., cycling through a se- 
quence of full word locations). 2 is < 3777 ~ 
and is the difference between the largest 
and smallest addresses which can appear 
in any command whose address can be ~ 
changed. A sign 0 with 7 implies half word 
sequencing; a sign 1, full word sequencing. 
26 Sm Accumulation of numbers 26a -— Blocked | (c)=(¢o)+(@) with end-around carry 
(€o) + (a) operation. 
30 Iz Modification of command 30a Retained from a The complement (inverse code) of 30a is 
30a the previous — added to the command which follows com- 
cycle mand 30a. 
Sil Lp a Read numbers from a — —- 3 Transfers the contents of the zone c on the 
01 1c perforated tape to storage perforated tape into the cells a; through az. ~ 
00 dy cells (a1) through (a2) 
31 Lm a Read numbers from a 31a, — — Transfers contents of zone c of the mag- 
02 2c magnetic tape to storage 02¢ netic tape into full word cells a, through a. 
00 a2 cells a, through a2 00a2 | 
31 Lm a Write numbers from all 31a; == — Recording contents of the consecutive cells 
03 3c (a) through (a2) onto the 03¢ a, through a» into zone ¢ of the magnetic 
00 a2 magnetic tape 00d2 tape; d, and dz must be full word addresses. 
32 Pch Printing the number (¢o) 34 0000 — = Printing (¢o) in the octal or decimal system 
depending upon the position of the key 
“Print” on the control panel. When the key. 
“Perforation” on the printing device is 
“on,” (co) is punched on the punched tape 
of the output perforator in either binary or 
binary coded decimal. 
34 In Advance paper 34 0000 — — The paper of the printing device advances 
for one line without printing. 
37 Os Stopping of machine 37a — — Stopping of machine with the lighting of 
indicator @ on console. 


_ * The three type-31 instructions require supplementary information in the following two half words. They are shown as a triad of instruc- 
tions. Although not elsewhere defined, the operation code 00 appears to be the “no operation” instruction. In these instructions, there is the 


restriction that binary information can be placed in either full or half word locations, but binary-coded-decimal information must be placed 
in a full word cell. 


APPENDIX I] 
URAL-II INstrucTION REPERTOIRE 


The following information about the instruction the description of each instruction. It appears that, as 
repertoire of URAL-II was obtained at the Penza fac- indicated, several instructions of URAL-II are the same 
tory. It is not complete and is in somewhat different as URAL-I. The Russian idiom has not been replaced 
form than the table for URAL-I. However, an effort has by English idiom except where necessary to clarify 
been made to resolve the uncertainties and to complete meaning. 


List OF COMMANDS OF THE MACHINE URAL-II 
Notation: (a) Contents of cell a in ferrite store 


Time of Execution of Command 
(Microsec.) 


Ny Designation | Opera- 
Bee Name of Command of tion Code With Half Notes 
Command | (Base 8)| With Full Words Words 
or) (20 Bits) 
1 | Addition with a floating | Slp(a) 41 150 (average) — 


point 


Name of Command 
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List OF COMMANDS OF THE MACHINE URAL-II (Continued) 


Designation | Opera- 
of tion Code 


Time of Execution of Command 
(Microsec.) 


Notes 


Command | (Base 8)| With Full Words wae ite 
(40 Bits) ee 
(20 Bits) 

Addition with a fixed | Slf(a) 01 80 80 

point 

Subtraction with a float- | Vchp(a) 43 150 (average) —_ 

ing point 

Subtraction with a fixed | Vchf (a) 03 ~ 80 80 

point 

Subtraction of moduli | Vchm(a) 44 150 (average) — 

with a floating point 

Multiplication with a Ump(a) 46 490 (maximum) — 

floating point 

Multiplication with a Umf(a) 06 470 330 

fixed point 

Division with a floating | Dlp(a) 47 830 (maximum) — 

point 

Division with a fixed | Dlf(a) 07 810 470 

point 

Set sign Fz(a)! 10 80 80 

Logical shift Se(k) 11 130+10k 130+10k| The direction of shift depends on the sign of k 
which is in the address field. : 

Arithmetic shift Sd (z) 11 130+10k 130+10k| If there is an indication of a full word in the 
command, the shift is logical; if not, it is arith- 
metic. 

Extraction of part of the | Vd(a)! 12 80 80 

number 

Formation (of number) | Fr(@)} 13 80 80 

Comparison (of numbers)| Sr(a)} 14 80 80 

Loading the summator | Psp(a) 42 85 = 

with floating point in- 

formation 

Loading the summator | Psf(a)! 02 80 80 

with fixed point infor- 

mation 

Loading the summator Ps(t) 40 80 80 (¢ is the number of input.) 

from ¢ th input 

Loading an accumulator? | Pnp(a) 56 170 = 

with floating point infor- 

mation 

Loading an accumulator? | Pnf(a) 16 160 160 

with fixed point infor- 

mation 

Transfer of control first | El(a)! 21 80 80 If »=1,3 and there is not an indication of a full 
word, the control is transferred to the com- 
mand in cell a. 

Transfer of control first | El(a)! Mil 80 80 Control is transferred to the command in cell a 
if #=0 and there is an indication of a full word 
in the command. 

Transfer of control sec- | E2(a)! 23 80 80 Control is always transferred to cell a. 

ond 

Transfer of control third | E3(k)! 23 80 80 Depending upon the position of the kth key, 


the command following E3z is, or is not, ful- 
filled. 


1 This command appears to be the same as the URAL-I command which has the same operation code. 


2 This command is almost certainly a “store summator 1 


n ferrite store” operation. This is deduced from the similarity of the operation 


de (16) of instruction 20 to the operation code (16) of URAL-I’s store command (number 16). “Accumulator” must therefore refer to a stor- 


e cell in the ferrite store. 


3 There is no information about the indicating signal w. Presumably, it behaves much like the corresponding signal in URAL-I. 


Mare, 


t 


7 


C 
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List oF COMMANDS OF THE MACHINE URAL-II (Continued) 
Time of Execution of Command 
Man Designation} Opera- |_ (Miichosee 
3 ae Name of Command of tion Code With Half Notes 
e Command | (Base 8)| With Full Words Words 
(40 Bits) (20 Bits) 

25 | Transfer of control fourth | E4(a)! 24 80 80 To be used after a group of commands whic 
are executed repeatedly with the help of con 
mand Nts(p). 

26 | Beginning of the cycle | Nts(p)! 25 80 80 The command Ntsp in conjunction with con 
mand E4a makes it possible to execute repea, 
edly a group of commands and to change tl 
addresses of commands having the applicab, 
tag. 

Di Load the accumulator | Pnts(a)4 27 160 aoe 

with the counter of cycles 

28 Change of command Iz(a)} 30 80 =a The contents of cell a are added to the conte 
of the command register before executing t 
command following this command. 

— ) 

29 | Summation Sm(a)! 26 80 | a The command is used for obtaining contr 
sums. 

30 Printing of the result in | Pchd(é) 32 20 numbers/sec. = t is the number of the printing (output) d 

a decimal system vice. | 

31 Printing of the result in | Pchv(¢) 33 20 numbers/sec. re t is the number of the printing (output) d 
the octal system vice. 

32 | Skip or space a line In(¢)! 34 20 lines/sec. = tis the number of the printing (output) devic 

33 Block transfer® to Lp(a) 50 150 numbers /sec. 
punched tape (@) 

(a2) 

34 Block transfer toa mag- | Mbch(a1)§ 51 5000 numbers/sec. aa 

netic drum for reading (a3) 
(a2) 

35 | Block transfer toa mag- | Mlch(a;)6 54 1000 numbers/sec. = An indication of a full cell is placed at addre’ 
netic drum for reading ((G) a. 
without writing unto the (a2) 
ferrite accumulator? 

36 Block transfer to mag- | Mbz(a:)® by 5000 numbers/sec. =! 
netic drum for writing (as) . 

(a2) 

37 Block transfer to mag- | Mlch(a;)§ BS 1000 numbers/sec. aa 

netic tape for reading (C) 
(a2) 

38 | Block transfer to mag- | Mlch(a1)® 53 1000 numbers/sec. aa An indication of a full cell is placed at addre; 
netic tape for reading (C) a. 
without writing on fer- (a2) 
rite accumulator? : 

39 Block transfer to mag- | Mlz(a;)& 54 1000 numbers/sec. = 
netic tape for writing (C) 

(a2) 
40 | Halt Oc 37 — = 


* This command almost certainly stores the contents of some special counter in the ferrite store. This counter evidently is associated wit 
the cyclic repetition of a group of commands. This repeating loop probably utilizes commands 26 and 27 in the same way as URAL-I. 

5 The Russian word used here (o6pameHue) implies the notion of “return to.” It seems best translated here as “block transfer.” 

5 The details of these seven instructions are not known. However, by com 
tions in URAL-I, it appears that they may operate as follows: 

a) Number 33 is the block transfer from cell a: through cell a2 of the ferrite store into zone C of the perforated tape. ! 

b) Number 34 is the block transfer to cell a: through cell a2 of the ferrite store from the magnetic drum, starting with cell a3 of the drun 

c) Number 35 is the block transfer to zone C of the magnetic tape from cell a; through cell a: of the magnetic drum. This is a direct tran: 


fer not involving the ferrite store. 


paring the various rates and reasoning in terms of similar oper 


d) Number 36 is the block transfer from cell a; through cell a2 of the ferrite store to the drum, starting at cell a3 of the drum. 
e) Number 37 is the block transfer to cell a; through cell a» of the ferrite from zone C of the magnetic tape. | 


f) Number 38 is the block transfer from cel 
transfer not involving the ferrite store. 


| a; through cell ay of the magnetic drum into zone C of the magnetic tape. This is a dire 


g) Number 39 is the block transfer from cell a1 through cell a2 of the ferrite store into zone C of the magnetic tape. 

The structure of URAL-II, however, permits a multiplicity of magnetic tapes and drums. It may be, therefore, that a3 is the addre: 
of a particular drum and C, the address of a particular tape unit. If so, it isn’t clear how the first location on the drum or the zone on th 
tape is specified. It is clear, however, from a comparison of the operating rates that there is a direct drum-tape and tape-drum transfer 

7 Here, again, “accumulator” must refer to a storage cell in the ferrite store. : 


(The seven samples of USSR ferrite cores include 
ith memory cores and switch cores. Sample types were 
follows: 

1) BT-1 (1958), OD=0.080 inch, ID =0.050 inch 
X1.3 mm). This core has a pulse coercivity of approxi- 
i tely 1.35 oersteds. 

'The BT-1 cores (same size) received in 1959 were 
und to be equivalent to those received in 1958 with 
je exception that the uniformity of the most recent 
res is greater. The pulse characteristics of this core 
je plotted in Figs. 60 and 61. All plots are the average 
| five cores tested. Disturbed “one” output dVj, dis- 
arbed “zero” output dV,, switch time ¢,, and peaking 
ime ¢,, are plotted as functions of drive. The pulse pro- 
+am is shown in Fig. 62. 

| The disturb ratio of [x/Jp is the ratio of the threshold 
firrent J, (the drive which disturbs a core from its 
mmanent flux state) to the switching drive Ip. This 
4sturbed ratio measures the degree of nonlinearity asso- 


| F 4 5 
sated with minor loop operation of the core. 


These cores have a signal-to-noise ratio which ap- 
ars acceptable for small size coincident current mem- 
ties (below 4096 words). The disturb ratio (Ix/TIpr) is 
»mparable to the present state of the core art in the 
‘nited States. It is, however, coupled with a rounded 
mee, which may be a result of adding zinc to the com- 
osilion. This is done at the expense of a deteriorated 
gnal-to-noise ratio and Curie point. Adding zinc to 
th switch and matrix cores has been the trend for the 
ast several years, because it results in an improved 
itching constant. 
The switching constant (Fig. 63) is 1.4 oersted-ysec 
hich compares with 0.8 to 1 oersted-usec for the present 
tate of the art in the United States. 
This core is representative of the early state of the 
I aa core art in the United States. It could be used 
a medium size (below 5000 words) 15—20-ysec coinci- 
ent current memory or an 8-usec word-organized mem- 
ry. 
~The physical and electrical uniformity of the more 
ecent BT-1’s is better than those received in 1958 but is 
elow present production standards in this country. 
2) BT-1 (1959), OD=0.050 inch, ID=0.030 inch 
1.40 X0.8 mm). Fig. 61 is a plot of BT-1 material made 
nto a 50-mil OD core. The characteristics indicate that 
t is the same material as the 80-mil BT-1 sample. The 
ore has a reasonable signal-to-noise ratio but the dis- 
urb ratio at suggested drive (475 ma) is 0.615. This is 
elatively poor by the presently accepted standard 
which exceeds 0.65). 


88 This section is based on a report prepared by Telemeter Mag- 
etics Corporation under a subcontract with The RAND Corpora- 
on, 

39 This sample was received by the Scott, et al., party. 
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EVALUATION OF SOVIET UNION FERRITE SQUARE-LOopP Cores?’ 
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Fig. 61—BT-1 characteristics: 1.4X0.8 mm 
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Fig. 63—BT-1 switching constants. 
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Fig. 64—BT-2 characteristics: 3X2 (1958). 
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Fig. 66—BT-5 characteristics: 3X2 (1959). 


The switching constant for this core (Fig. 63) is quite 
poor, 2.1 oersted-usec. This deterioration may be due to 
serious deviation in pressing density. These cores are 
definitely inferior to the 80-mil BT-1 cores. They are 
representative of early laboratory samples made in this 
country during the transition from 80- to 50-mil cores. 

3) K-28 (1959), OD=0.120 inch, ID=0.080 inch 
(3X2 mm). This is very similar to the BT-1 material. 
It has a pulse coercivity of approximately 1.6 oersteds. 
Operated in a coincident current memory, this core 
would require 1 ampere-turn full drive and could oper- 
ate with a 15—20-ysec cycle time. It has a good disturb 
ratio coupled with a rounded knee which results in a 
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relatively poor signal-to-noise ratio. In a “word-select” 
store, this core could operate with approximately an) 
8-usec cycle time (min.). | 
All other cores received of this dimension (3X2 mm) | 
are switch cores. Normal application as a memory ele- | 
ment for a core of this size would be for buffer or Lovie 
applications where multi-turn windings are desired but | 
the array size is limited to several thousand bits. : 
4) BT-2, OD=0.120 inch, ID=0.080 inch (3X@ 
mm). This sample is by present United States standards 
a high drive switch core. Fig. 64 is a plot of the shuttle | 
volts, volts per turn, and flux at three different tempera- 
tures. All readings were taken under pulse conditions | 
with a 10-yusec pulse width, 0.3-ysec pulse rise time. all 
pulse coercivity calculated from Fig. 64 is 0.97 oersteds. 


BT-2 cores have a higher Curie temperature than | 
BT-5 (270°C vs 150°C) with a resultant higher coerciv- | 
ity. They also have better shuttle characteristics chal 
BT-5. Where this is a serious consideration such as in a| 
large switch application, BT-2 would be used in prefer-| 
ence to BT-5. | 

5) BT-5. This 3X2 mm core is considered a low drive | 
core by United States standards. Fig. 65 is a plot of the| 
same characteristics as discussed with regard to BT-2. | 
Fig. 66 is a plot of the squareness ratio and ¢ vs drive | 
characteristics. The pulse coercivity calculated from 
Fig. 66 is 0.485 oersteds. 

The BT-2 and BT-5 cores are quite representative of 
the present state of the switch core art in the United 
States. Detailed analysis shows small differences be- 
tween BT-5 and equivalent United States cores. | 

While the ferrite switch core technology of the Soviet 
Union is roughly on a par with that of the United States, 
this is not true, however, of the memory core art. For 
example, the BT-1 core is representative of the early 
“S-2” cores which are now considered obsolete. The 
drive requirements are roughly twice that required by 
United States cores for equivalent output and switch- 
ing times. 

Curves which are representative of production mem- 
ory cores in the United States are,included in Figs. 67— 
69. The size of these cores is roughly equal to the Soviet 
cores and, therefore, they can be compared directly. 
Fig. 70 is a glossary of relevant terminology. 


CHEMICAL COMPOSITION OF SOVIET CORES 


The chemical composition of the cores has been deter- 
mined by emission spectroscopy (Fig. 71). Such an- 
alyses are ordinarily accurate to approximately +30 
per cent of the amount of each element present. This 
precision is completely satisfactory for the minor con- 
stituents, but is somewhat lacking in the case of the 
major constituents. Nonetheless, if this type of informa- 
tion is combined with nonstructure sensitive magnetic 
properties, such as Curie temperature and saturation 
magnetization, and if similar spectrochemical analyses 
of cores for which more accurate knowledge of the gross 
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Fig. 67—Typical U. S. memory core characteristics. 
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68—Typical U. S. switch core characteristics. 
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69—Typical U. S. switch core characteristics. 
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I=amplitude of current pulse at time fp; 
to=reference time, designated as 10 per cent of J on the rise 
of a read pulse: 
= SAG of current pulse from 10 per cent to 90 per cent 
or lf, 
sort of current pulse from 90 per cent to 90 per cent 
Oi 
ta=duration of current pulse from fp to 90 per cent of the fall 
time of J; 
ty =fall time of the current pulse from 90 per cent to 10 per 
cent of J; 
uV,=the undisturbed “selected-one” voltage of a core; 
dV,=the disturbed “selected-one” voltage of a core; 
dV,=the disturbed “selected-zero” voltage of a core which has 
been disturbed only by partial write pulses; 
tp=peaking time of the “one” voltage of a core measured 
from fo; 
t;=switching time of a core measured from fy to the point 
where the dV, signal has decreased to 10 per cent of its 
peak value; 
I, =the read current pulse; 
B,=remanent flux density; 
Bm=saturation flux density; 
Shuttle Voltage = output from a non-reset switch core. 


Fig. 70—Glossary of magnetic core notation. 


MATERIAL 
BT-1 BT-2 BT-5 K-28 

Percent Percent Percent Per cent 
Iron 61.0 60.0 57.0 54.0 
Manganese 5.8 UP 6.2 12.6 
Zinc ileal nil 4.3 0.19 
Calcium 0.092 0.60 died 0.046 
Magnesium Des Die) boi QP 
Silicon 0.012 0.0097 0.014 0.015 
Copper 0.016 0.019 0.014 0.016 
Nickel 0.010 0.016 0.0055 0.0069 
Cobalt 0.0079 0.0088 0.0074 0.0077 
Aluminum 0.0051 trace 0.0079 trace 
Chromium 0.0018 0.0033 0.0020 0.0024 
Other elements nil nil nil nil 


All data +30 per cent 


Fig. 71—Chemical composition of Soviet cores. 
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chemical composition is known, the composition of un- 
known cores can be related rather closely to known, 
cores. 

As far as the minor constituents (silicon, aluminum,, 
chromium, copper, nickel, andcobalt), are concerned, the 
Soviet cores are all as pure as representative U.S. cores. 
This may indicate good sources of high purity raw ma- 
terials. It may also indicate small scale laboratory pro-* 
duction, which is usually easier to control than large 
scale manufacture. ; 

Calcium, which is now considered a deleterious im- 
purity, is present to about 0.7 per cent in type BT-5 and 
0.6 per cent in BT-2. At an early date it was mistakenly; 
thought that calcium has some virtues and was present, | 
for example, in early “S-1” cores. U. S. Patent No. 
2,715,109 of 1955 relates: to the use of calcium in pro-| 
ducing square loop ferrites. No U. S. manufacturer | 
now includes calcium in a square loop ferrite mix. | 

The major constituents of Soviet cores are oxides of. 
magnesium, manganese, zinc, and iron. As in the Amer-’ 
ican cores, zinc oxide is substituted in order to decrease: 
coercivity and lower the Curie temperature. Samples; 
K-28 and BT-2 had no zinc, but the zinc content in-| 
creases fourfold from BT-1 to BT-5. Corresponding 
Curie temperatures are: BT-1, T,=280°C; BT-2, T,! 
=270°; and BT-5, T,=150°. | 

The iron content of the Soviet cores is undoubtedly 
similar to that used in U. S. cores since saturation flux. 
densities are similar in both. (Saturation flux density 
decreases sharply with decreasing iron content.) 

The ratio of magnesium to manganese is the most dif- 
ficult parameter to assess, since there is a 2:1 spread in 
the data. However, the ratio of magnesium to mangan-- 
ese in all of the Soviet cores seems to be considerably 
lower than what is found in contemporary U. S. cores | 
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orrespondence 


: nalog-Computer Representation of 
elastic Stops* 


_ Analog-computer representation of stops 
nd barriers must involve a simulation of the 
ctual forces exerted by the stop upon the 
pinging mass.42 An inelastic stop at 
x >X, is correctly represented by a force 
which reduces the simulated velocity dX /dt 
‘o zero quickly as soon as X exceeds X, (see 
nig. 1). 
ats 
_ The only correct relay-circuit representa- 
ion of an inelastic stop known to the writer 
vas given by Johnson,! who did not, how- 
ver, label his stop as “inelastic.” Fig. 2 shows 
in up-to-date equivalent of Johnson’s cir- 
uit. The input voltage F represents a force 
hich drives a mass into the stop at ¥ > Xj. 
is integrated twice to yield voltages 
~ dX /dt and X, respectively, representing 
relocity and displacement. 


Fig. 2. 


The block on the right is a comparator 
ircuit which actuates the relay when X ex- 
eeds Xi, causing the relay contact to close. 
The resulting short circuit across the inte- 
rating capacitor of integrator 1 is equiva- 
ent to a large viscous force proportional and 
pposite to the velocity (represented by 
\X /dt) with which the mass attempts to 
yenetrate the barrier. Because of the “anti- 
tick” diode D, the viscous force acts only 
vhen dX /dt>0. Hence the mass will not 
tick to the stop when the applied force F is 
eversed (one would otherwise simulate a 
top coated with chewing gum). 

For faster computations it is desirable to 
lo away with relay circuits and their in- 
erent time delays. 

To the best of the writer’s knowledge, 
io accurate diode representation of an in- 
lastic stop has been published; the ap- 
roximate diode representations given previ- 
usly? do not discharge the integrating 
apacitor correctly. 


* Received by the PGEC, October 13, 1959. 

1C, L. Johnson, “Analog Computer Techniques,” 
{cGraw-Hill Book Co., Inc., New York, N. Y.; 1956. 

2G. A. Korn and T. M. Korn, “Electronic Analog 
‘omputers,” McGraw-Hill Book Co., Inc., New York, 
I. Y., 2nd ed.; 1956. 
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Fig. 3 shows a new diode circuit for the 
purpose. When X exceeds X; the comparator 
output voltage E changes abruptly from 
zero to about —60 volts and turns the diode 
switch made up of diodes D; and De. The 
circuit acts just like the relay circuit; note 
that no “anti-stick” diode is needed, since 
the switch passes current in one direction 
only. Fig. 4 shows a typical record of X and 
—dX /dt vs time obtained with constant pos- 
itive F. A similar reversed diode switch can 
be added across the first switch in the case 
of particles constrained to move between 
two inelastic stops at X; and X». 


—300V 


Fig. 3. 


x(t) x, 
(So volts Jem) 


19 mm 
sec 


=o 


- aK 
dt 
(50 Volts / cm) 


Fig. 4. 


GRANINO A. KORN 
Dept. of Elec. Engrg. 
University of Arizona 

Tucson, Ariz. 


Analysis and Methods for Detection 
of Some DC Amplifier Errors* 


Tests which permit an operator to check 
his analog computing equipment in place are 
of great value, and an effort is being made to 


* Received by the PGEC, September 24, 1959 
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increase the amount of information that 
may be obtained in this manner. The pur- 
pose of this correspondence is to show the 
effects of summing-junction grid current and 
to outline a method for detecting it. A meth- 
od for checking the dc gain of the chopper 
amplifier is included. It is felt that these 
tests should be used as weekly machine 
checks. 

Fig. 1 shows a simplified block diagram 
for the dc amplifier when used as an inverter. 


oe 
Bp 


Fig. 1. 


The output voltage may be written as shown 
in 


eo=—M[i+ Mie te—E (1) 
where 


M,=gain of chopper amplifier. 

M.2=gain of main de amplifier. 

é,=an unbalance voltage resulting from 
variations in power supplies, filament 
supplies, and input tube character- 
istics. 

E,=balance voltage introduced by bal- 
ance pot. 


Summing the currents at the e, node and 
solving for e, gives 


— — RsRin = a Cin at =| (2) 
Ui REL Palade ckite ROR |e 
Substituting (2) into (1), and solving for 

the output voltage gives 

M2(Ry + Rin ] 
Ry + Rin{1 + Mo(1 + Mi)] 
RyRin(1 + Mi) ( ce ) 
Ry + Tex Wess zy 


eo = 


ie Bs |. (3) 


Since we are interested mainly in the dc 
value, and at dc M,>1 and M2>>1, (3) can 
be simplified to 


* RinM, 


The importance of low grid current is 
obvious from this equation (the effect of the 
Z, term is greatly increased in an integrator) 
and a value of approximately 1074 wa has 
been set as the maximum allowable. It 
also indicates that the grid current could be 
balanced out by adjusting &. This solution 
is impractical, however, in that the balance 
would have to be obtained for a particular 
set of input connections, and any modifica- 
tion of the inputs would necessitate rebal- 


*)@- 2). & 
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ancing. We can take advantage of this 
property for detecting grid current, since the 
other sources of an unbalance voltage (e, are 
affected by the same factor as E5. 

To take a more quantitative look at this, 
assume the input to be grounded (Ein=0) 
and the amplifier balanced (e9=0), then (4) 
reduces to: 


= R;Rin,M, 


Ey, — Ey = ; 
; Ry > Rin, f 


(5) 


Then replace Rin, with Rin, in (4) (with ey 
still grounded), and substitute (5) for e, — FE» 
and solve for 7, which gives 


oF Rin, (Ry ae 125) 


ee 6 
Ry? (Rin, = Rin.) : ( 


In practice, R; would be the normal 
1-meg feedback resistor, and Rin, and Rin, 
could be 1-meg and 100-K input resistors. A 
highly damped microvolt meter should be 
substituted for the panel meter in order to 
detect grid currents of the level of interest. 
Using these resistors and the procedure indi- 
cated, a grid current of 10~* wa would pro- 
duce an output of —0.45 millivolts. Repeat- 
ing the procedure with Rin, and Rin, re- 
versed would give an output of 82 micro- 
volts per 10~4 wa of grid current. 

In the case of the integrator, Ry was re- 
placed by 1/css in (3) and the equation was 
solved for J, in a similar manner. The ap- 
proximate solution for the range of ¢ of inter- 
est is 

Rin,€f €0 
—————_  —; (6a) 
a Tey, t 


I, = 
Rin, 


For the case where Rin, and Rin, have the 
values given above and cy=1 microfarad. 
eo drifts at the rate of —54 millivolts per 
minute per 104 wa of grid current. Revers- 
ing Rin, and Rin, and repeating the pro- 
cedure would give a drift rate of 5.4 milli- 
volts per minute per 10~ wa. 

To obtain the approximate gain of the 
chopper balance amplifier, we return to (4) 
and note the sensitivity of e9 with respect 
to Ep: 


dey ics Ry + Rin (7) 
dEy RinM 
or 
je IND 
1=— ne (8) 
en Aéo 


A measure of M, may then be obtained 
by varying the balance pot from end to end, 
noting the swing of the amplifier output, and 
substituting values into (8). Because of 
loading, the absolute value of M, obtained 
from the equation may be greatly in error 
for a certain type amplifier. However, in 
checking a large number of identical ampli- 
fiers of this type, relative gain of the chop- 
per amplifiers may be obtained with this 
method, and marginal or low gain amplifiers 
detected. 


C. J. Nisson 

Appl. Phys. Lab. 

The Johns Hopkins Univ. 
Silver Spring, Md. 
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Minimization of Contact Networks 
Subject to Reliability 
Specifications* 


INTRODUCTION 


The purpose of this paper is to extend the 
Quine-McCluskey method of minimizing 
contact networks, to cases where the 
contacts are susceptible to erroneous opera- 
tion.4 The networks discussed are of the 
“and-to-or” type, where each series path is 
the realization of a different “one” transmis- 
sion in the given contact function. The fail- 
ures considered are those which occur when 
one or more contacts remain permanently 
open. Under these conditions it may be de- 
sired to synthesize networks which will re- 
main operative despite the failure of a spec- 
ified number of contacts. This number will 
be called the “reliability level” of the synthe- 
sized network. In the following sections a 
procedure will be discussed for constructing 
minimal networks consistent with a speci- 
fied reliability level. 


THE PRIME IMPLICANT MATRIX 


The first step in the procedure is the de- 
termination of all the prime implicants as- 
sociated with the contact function to be 
realized. This can be done by the Quine- 
McCluskey method to yield a set of Boolean 
terms, each of which implies at least one 
transmission in the function. Synthesizing a 
network such that each path will correspond 
to a different prime implicant is certain to 
realize the given function. If each path is 
repeated 7+1 times, the result is a realiza- 
tion with the reliability level 7. 

To minimize the described network, it is 
advantageous to construct the “prime impli- 
cant matrix,” where the columns correspond 
to the prime implicants, and the rows to the 
specified transmissions. The element com- 
mon to row X and column Y is unity if the 
transmission X is implied by the prime im- 
plicant Y, and is zero otherwise. If the syn- 
thesized network is to have the reliability 
level r, each prime implicant should be rep- 
resented in the matrix by r+1 identical col- 
umns. As an example, matrix (1) is a prime 
implicant matrix constructed for the trans- 
missions whose decimal equivalents are 0, 2, 
7, 8, 9, 13 and 15, with the reliability level 1. 
The six prime implicants are designated by 
A, B, C, D, Eand F. The significance of the 
additional column on the right, called the 
“indicator column,” will become apparent 
later. 


AABBCCDDEEFF 
0 IIS US TOL 0F02 0, 0707000 2 
2 110000000000 2 
if 000000001100 2 
8 001111000000 <a) 
9 00 0011 11 .0:0°0'0 2 
13 OFOL ORO 10 OF DST 50.0 et 2 
15 0/00/0750 0)0°0 11°12 2 


* Received by the PGEC, August 4, 1959; revised 
manuscript received, October 30, 1959. The research 
reported here was supported by the U. S. Navy under 
contract with the University of California, Berkeley. 

1W. V. Quine, “A way to simplify truth func- 
tions,” Am. Math. Monthly, vol. 62, pp. 627-631; 
November, 1955. 

2E, J. McCluskey, Jr., “Minimization of Boolean 
functions,” Bell Sys, Tech. J., vol. 35, pp. 1417-1444; 
November, 1956. 

3S. H. Caldwell, “Switching Circuits and Logical 
Design,” John Wiley and Sons, Inc., New York, N. Y., 
ch, 5; 1958, 

4 E, F. Moore and C. E. Shannon, “Reliable cir- 
cuits using less reliable relays,” J. Franklin Inst., vol. 
262, pp. 191-208, 281-297; 1956. 


To minimize a contact network with a 
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reliability level 7, it is necessary to find the’ 


smallest set of prime implicants, such that 
each transmission would be implied at least 
y-+1 times: In terms of the prime implicant 
matrix, this corresponds to deleting the 
largest number of columns such that each 
row would contain at least +1 unities. This 
problem is identical with that encountered 
in minimal-scan pattern recognition under : 
noisy conditions, discussed in detail else- 
where.’ The procedure for minimizing the 
prime implicant matrix will be presented, ' 
therefore, without a proof. ( 


A MINIMIZATION PROCEDURE 


1) Construct the prime implicant matrix : 
for the prescribed contact function and re- | 
liability level 7, and call it the “first-order ; 
matrix set.” Let all the elements in the indi- 
cator column of this matrix be r+1. Let k 
be an index with an initial value 1. 

2) Oneach matrix in the kth-order matrix 


set, carry out the following operations: 


unities. b) Produce new matrices by deleting, 


a) Locate any row with the least number of 


one at a time, columns in which the located 
row is unity. c) Produce the indicator col- 
umn of each new matrix by subtracting, 
term by term, the deleted column from the 
indicator column of the originating matrix. 

3) From any group of identical matrices 
constructed in 2) eliminate all but one. Call 


the remaining matrices the “(k+1)th-order 
matrix set.” | 
4) Test whether any indicator column in 
the (k+1)th-order set consists entirely of 
zeros. a) If such a column exists, the columns 
which are absent from the corresponding ' 
matrix represent the minimal set of prime: 
implicants. b) If such a column does not. 
exist, delete from each matrix in the set all. 
rows which have a zero in the indicator’ 
column. Add 1 to & and return to 2). 
As an example, the following matrices 
represent the 9th-order matrix set produced. 
by applying the proposed procedure to the 
prime implicant matrix (1): | 


DDFF CDFF | 
9 1100]0 9 [1200 lag 
ig (bik ad 2 13) olen testes ae 
Cini BDFF 
9 UN lee (Oa aha hi 
18 [| @O i 2 Io 
BDDF BCFF 
ho Ody a 13 2 [Olde fetes cO 
BCDF BBFF 
me OWA] -w i WOM] 
BBDF BBDD 
ie (OO y © we Odd a] © 


Applying 4) to this set yields the follow- 
ing combinations of prime implicants, each 
of which represents a possible minimal real- 
ization: 

AABBDDEE 
AABCDDEE 
AABCDEEF 
AACCDDEE 
AACCDEEF 
AACCEEFF 


5 A. Gill, “Minimal-scan pattern recognition,” 
IRE TRANS. ON INFORMATION THEORY, vol. IT-5, 
pp. 52-58; June, 1959. 


CONCLUSION 


| A network with a reliability level r can 
ways be constructed by placing in parallel 
-1 networks of reliability level 0. The pro- 
ure outlined above, however, is prefera- 
inasmuch as it yields all possible minimal 
jmbinations of prime implicants; some 
mbinations may be more desirable than 
hers, due to the difference in the number 
contacts involved in the various impli- 
ints. 

The minimization procedure, which is 
utlined in the form of a computer program, 
indeed suitable for automatic execution 
\/ a general-purpose digital computer. This 
lature is especially useful when the given 
pntact function has too many variables to 
» minimized by inspection, by trial-and- 
ror, or by semisystematic means currently 
use. 

Finally, by putting r=0, the proposed 
rede can be adapted to problems where 
liability is immaterial. In this form, the 
‘ocedure becomes an ordinary prime im- 
icant minimization scheme, to supplement 
ther schemes already described in the 
rerature. 


ARTHUR GILL 

Dept. of Elec. Engrg. 
Univ. of California 
Berkeley, Calif. 


‘wo Modulator-Switches for Com- 
juter Applications* 


Electromechanical relay tree selection 
evices that are used with a serial drum 
nemory are necessarily slow and it was in- 
ended to replace these by an all-electronic 
witching system. A voltage switch for the 
urpose of reproducing and a current switch 
or that of recording signals was designed for 
ach channel of the drum. Four voltage 
witches with a common post-amplifier and 
our Current switches with a common cath- 
de (feed) modulating input are shown in 
‘igs. 1 and 2, respectively. These were tried 
vith a serial magnetic drum storage memory 
aving a clock pulse repetition frequency of 
0 ke and which had each of its read-write 
eads with two separate windings, the re- 
istance of each winding being 0.8 ohm. The 
stimated signal voltage when reproducing 
ras about 5 mv while the signal current re- 
uired for recording purposes was of the 
rder of 0.5 ampererms. A control apparatus, 
lescribed elsewhere,! generates selector volt- 
ges (+100 volts when selected and +70 
olts when not selected) at the terminals of a 
alector switch that is meant for selecting 
ne of the many read-write heads. With the 
elp of the same control apparatus, a se- 
uence of 32 bits (a word) can be recorded 
n or reproduced from any of the four chan- 
els, each channel of the drum having 16 


* Received by the PGEC, June 18, 1959; revised 
anuscript received November 12, 1959. 

1D. S. Kamat, “Control apparatus for a serial 
rum memory,” Electronic Engrg., vol. 30, pp. 634— 
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Fig. 1—Four voltage switches with a common post-amplifier for reproducing signals 
from a magnetic drum memory. 


Fig. 2—Four current switches with common input (source) meant for recording 
signals on a magnetic drum. 


(a) 


(b) 


Fig. 3—(a) 32 bits of a word recorded and reproduced with the aid of the switches in Figs. 2 and 1, 
respectively; (b) signals in (a) in more detail. 


words. Whenever a word is recorded (or re- 
produced) from the drum an “operation 
complete” pulse is generated. This pulse is 
used to change 1) the address and 2) the code 
of operation. In the present case, the opera- 
tions were only of two kinds, “read” or 
“write.” The code of the address can be 
changed 1) by selecting any one of the four 
channels and 2) by selecting any one of the 
16 words on the channel. The channel ad- 
dress was always changed either to 0, 1, 2, or 
3 and the word address by 1 only. This 
meant that the switches were tested for se- 
lecting and for reproducing or recording any 


two (neighboring) consecutive words which 
happened to be on different channels. Fig. 
3(a) shows the oscillogram of a word that 
was recorded and later reproduced in this 
fashion with the aid of above shown switches. 
Fig. 3(b) shows in more detail a portion of a 
complete word. For the drum memory used 
in these experiments, two consecutive words 
ona channel have a free interval of 200 usec, 
but the switches are capable of realizing 
switching times of the order of only a few 
usec; this and other points are discussed in 
brief in the following. 
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THE VOLTAGE SWITCH 


In the case of the voltage switch (Fig. 1), 
a steady de voltage equal to +80 volts is al- 
ways applied at terminals 11, 12, 13 and 14, 
while the selector switch voltage step +70 
to +100 volts will appear at one of the four 
terminals 01, 02, 03 or 04. Under such condi- 
tions only one pair of diodes will conduct in 
the forward direction while the other 3 pairs 
will not. The read signal voltage (es), se- 
lected at one head position, and the un- 
wanted signal (e,), appearing at the other 3 
head positions, will appear together on the 
primary side of the transformer 7; as the 
output voltage (eo). Let the diode resistances 
forward and back be referred to as R; and 
Ry respectively, the three 100-kQ resistances 
be designated by Ri, the 10-kQ resistance by 
Rs, and the 150-ohm resistance by 7. Then 


(Ry + 7 + Rs)(r + 2Ri) 
(R; + Rs + (47 + 2Ri + 3R;) 


(Ry a R3 “ ry(r + 2R) 
(Ry + Rs + 1)(4r + 2Ri + 3Ry) 
Thus at the output terminal for values of the 
circuit parameters shown in Fig. 1, and for 
R,=4 mQ and R;=1 kQ, es and e, appear in 
the proportion 
€s3 2 3(Rey + fe +. R3) 
en (Ry +7 + Rs) 


€) = 3én 


+ es; (1) 


= 1000. (2) 


This value, equivalent to 60 db, represents 
the degree of usefulness of the modulator 
switch in accepting the selected signal e, and 
in rejecting the unwanted signal en. 

One has also to consider the impedance 
(zo) across which é 9 appears in order to 
design transformer 7; suitably. This is given 
by 


ae (r + 2Ri)(r + Ry + Rs) 
(47 + 2Ri + 3R;) 
a! [ 2Ri(Ry + Rs) 
BORO Rh 


Zo 


(3) 


Also the impedance which is presented 
to the modulating or selector switch step 
voltage is given by the expression below 
when Ry, >2Ri: 


2R 
= + Ry + Ro. (4) 


This voltage switch has no special provi- 
sion for counteracting variations in per- 
formance (1.e., equalizing gains) that arise 
due to differences in circuit elements like 
diodes, except that resistance R; (10 kQ), 
being much larger than Ry, (diode forward 
resistance), reduces the effects due to varia- 
tions in Ry [see (2)]. 

The other components of this switch are 
the step-up transformers 7; to 74. Each half 
of the secondaries of these transformers be- 
haves as an inductor for the selector switch 
step voltage input. Here the design require- 
ments are dictated by the need to establish 
quickly the final modulated (carrier) cur- 
rent. For an inductance of 100 mh and for a 
series resistance given by (4), 90 per cent of 
the final steady-state current will be estab- 
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Fig. 4Equivalent circuit of a single current 
switch shown in Fig. 2. f i 


lished in 4 psec. Also, the two halves of each 
secondary must be perfectly balanced if 
there is to be no interaction between the 
selector switch step voltage and input (read) 
signal source. The step-up ratio for the 
transformers designed is 1:25 and the core 
material used is the ribbon type 5000G soft 
magnetic alloy. 


50.6847 + 571.050 X 108 + 50.760 X 10!® — 0.6895 X 1074 


Marc 


grid of V3. Fig. 4 is an equivalent circuit fo: 
triode V; and, for example, V4 (the one tha’! 
is selected). Assuming A(t) is a unit stey| 
voltage (corresponding to selector switcl 
input), and after writing equations for the 
nodes ‘and substituting for Cj,=Coz=11 pf. 
Coa = 0.04 pf, Rp=1.0 kQ, Rr =0.8 kQ, gm= 
4.8 ma/v, fa =1.7 kQ, we have | 


E;(s) = 


THE CURRENT SWITCH 


The method of operation of this modula- 
tor switch (Fig. 2) will be such as to apply 
first the selector switch step voltage (+70 
to +100 volts) to one of the four terminals, 
01 to 04, and then to apply the input signal 
(32-bit word) at the grid of tube V3. As 
shown in Fig. 2, the signal appears across 
the transformer in the anode circuit of the 
upper triode, the recording head winding 
being connected across the secondary of this 
transformer. The choice of the resistance 
(R,) in the cathode of V; is determined by 
the requirement that the common cathode 
of Vs to V7 should be at a sufficiently high 
voltage level to make the three nonselected 
tubes remain completely cut off while the 
selected one, whose grid is at +100 volts, 
conducts. For 6L6 tubes (triode connec- 
tion), a dc supply of +250 volts and selector 
switch step voltage of +70 to +100 volts, 
R; equal to 1.0 kQ, would result in a cathode 
level of +115 volts. Besides this, R, must 
also be chosen so that, for the load of 0.8 Q 
(resistance of the head winding) anda +30- 
volt swing on the grid of V3, a signal current 
of 0.5 ampere rms or more should be gen- 
erated. Actually, for the transformer chosen 
with a step-down ratio of 30:1, the current 
change in the anode circuit will be about 
17 ma. 

Apart from the design for the requisite 
output signal current, the other two factors 
to be considered are minimizing transients 
that would inevitably appear across the load 
due to selector switch voltage input at 01, 
02, etc., and designing a suitable amplifica- 
tion system for pulsed signal inputs at the 


s(s3 + 575.138 X 108 + 510.86 X 1016 + 10.47 X 1024) 


After finding the roots of the polynomial anc 
taking the inverse Laplace transform oj 
above, we have the output voltage ce 
load as ; 


Es(+) = — 0.0658 + 0.4569¢~2:564x10%¢ 


ae 0.9658¢71-322x108¢ 
-cos (69° — 1.55 X 10%). (6) 


Similarly, we can obtain response character: 
istics for inputs at node 1, 2.e., for signals 
at grid of V; (in Fig. 2). This is | 


Es(+) = — 0.585 + 0.02674¢-2-526x10°¢ 


+ 1.298¢-1-139x108¢ 
-cos (122° — 1.657 X 10%). (7) 


Assuming an incremental voltage of +20 
volts for E,(t) we can see from (6) that an 
incremental current of 1.50 ma would ap- 
pear across the load due to the selector step 
voltage. From (7) it can be seen that for an 
input of +30 volts at grid of V3, the current 
across the load would be about 21 ma. This 
leads us to conclude that the unnecessary 
transient current due to the selector switch 
voltage is about 23 db below the signal 
strength required for recording purposes on 
the drum. Also, the current switch, because 
of the cathode regeneration, is capable of re- 
ducing variations that arise due to differ- 
ences in transconductance of the switching 
tubes. 
The author is indebted to K. M. Patnaik 
for his assistance in the work reported here. 
D. S. Kamat 
Indian Statistical Institute 
Calcutta 35, India 
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ncerning Abstracts* 


An abstract is a wonderful way to tell a 
der whether he will be interested in an 
icle or whether he should pass it by. An 
tract should stand by itself and should 
ntain the complete idea of the article, or at 
st enough so that the reader will have few 
bts as to just what is to be found in the 
rint should he obtain one. This imposes 
her severe constraints on its form and 
kes abstract writing, especially the writ- 
= of a short abstract, quite limited in free- 


A few authors in the TRANSACTIONS 
te introductions and call them abstracts. 
ould the abstract be published in a place 
ote from the main text this can disturb 
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the reader. The use of the future tense, es- 
pecially the future promise “also treated will 
be the case... ” can be unnerving to him. 
When he finishes the paragraph he thumbs 
the page frantically looking for the promised 
treatment. Finding none he may conclude 
that he lacked insight enough to find it and 
thus avoid that subject or that author in the 
future. 

Conclusions are essential to an abstract. 
“It was found that...” pins things down. 
Here, unlike in detective novels, giving away 
the plot does not spoil it for the reader. The 
reader should wonder, perhaps, about the 
details of how the result was obtained, but 
never should he be allowed to wonder what 
results were obtained. What leads to the 
conclusion is of secondary importance to the 
conclusion itself. “By considering...” is 


analog and digital techniques to automatic 
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a usable form here. The use of much more 
runs the danger of giving the reader a lecture 
rather than the abstract he wants. 

The reader then expects two things in an 
abstract. First, a brief statement of the re- 
sult, and second, a brief statement of the 
method. These statements might even be 
reduced to clauses of the same sentence. Ac- 
cepting literary form rather than newspaper 


form, the result usually follows the remarks 


concerning the method. 

Abstract: By considering the information 
desired by the reader, it was found that an 
abstract should contain a statement of the 
result and a statement of the method. - 

E. J. Gauss 

Numerical Analysis Research 
University of California 

Los Angeles, Calif. 
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became interested in the computer field 
while an instructor at the University of 
Pennsylvania, Philadelphia in 1943-1946, 
where he worked on 
the ENIAC project. 

During 1947 he 
was in England at 
the National Phys- 
ical Laboratory work- 
ing on the ACE com- 
puter project. Sub- 
sequently he worked 
for the National Bu- 
reau of Standards in 
Washington, D. C., 
later transferring toa 
field station, the In- 
stitute for Numerical Analysis on the UCLA 
campus. There he was responsible for the 
design and construction of the National 
Bureau of Standards Western Automatic 
Computer (SWAC). In 1952-1953 he was 
technical director of the computation Lab- 
oratory at Wayne State University, Detroit, 
Mich. In 1954 he joined the faculty of the 
University of California at Berkeley, where 
he is now professor of electrical engineering 
and mathematics. 

In the summers of 1955 and 1959 he 
worked on logical design and the program- 
ming of computers at the Mathematical Cen- 
ter, Amsterdam, The Netherlands. During 
the Fall term of 1959 he gave a course on 
computers at Cambridge University, Eng- 
land. He has been a consultant to the Bendix 
Computer Division since 1954, and worked 
on the logical design of the Bendix G-15 and 
G-20 computers. 

Dr. Huskey is a member of the American 
Mathematical Society, ACM, and AAAS. 
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Yoshihiro Ishibashi was born in Fuku- 
oka, Japan, on July 23, 1935. He received the 
Rigakushi degree in physics from the Uni- 
versity of Tokyo in 
1958. He is now a 
student in the post- 
graduate course and 
is engaged in the con- 
struction of the para- 
metron computer 
PC-2 under the di- 
rection of Professors 
H. Takahashi and E. 
Goto. 


Haruhisa Ishida was born in Shoka, 
Formosa on October 30, 1936, and received 
the Rigakushi'degree in physics from the Uni- 
versity of Tokyo in 
1959. He is now a 
student in the post- 
graduate course and 
is engaged in the con- 
struction of the pa- 

ae rametron computer 
“ PC-2 under the di- 
—. rection of Professors 
H. Takahashi and E. 
Goto. 


H. IsHipa 


128 


Dale P. Masher (M’54) was born in Bed- 
ford, Ind. on April 14, 1929. He received the 
A.B. degree magna cum laude from Har- 
vard College, Cam- 
bridge, Mass. in 1951, 
and the M.S. degree 
in electrical engineer- 
ing from the Massa- 
chusetts Institute of 
Technology, Cam- 
bridge, in 1953. 

From 1953 until 
1955, he was a mem- 
ber of the technical 
staff of Bell Tele- 
phone Laboratories. 
During this period he 
was associated with the computer research 
group, military systems department. 

From 1955 to 1957 he served in the 
United States Army, attached to the Solid 
State Devices Branch of the Signal Engi- 
neering Laboratories, Fort Monmouth, N. J. 
He served as project engineer on numerous 
industrial preparedness study contracts for 
the development and production of switch- 
ing transistors. 

In 1957 he joined the staff of Stanford 
Research Institute, Menlo Park, Calif. His 
work in the Computer Techniques Labora- 
tory has included the development of tran- 
sistor logic circuits, the design of transistor- 
driven core storage units, and system re- 
sponsibility for a special-purpose magnetic 
tape to magnetic tape converter. 

Mr. Masher is a member of Phi Beta 
Kappa and Sigma Xi. 
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Yasushi Matsu-Oka was born in Tokyo, 
Japan on July 7, 1929. He received the 
Kogakushi degree from Tohoku University, 
Sendai in 1953. Since 
that time he has been 
employed by the 
Hokushin Electric 
Work Corporation, 
Tokyo, where he was 
engaged in the de- 
velopment of a mag- 
netic drum. Since 
1959, he has been in 
the Faculty of Engi- 
neering, University of 
Tokyo, as a visiting 
research worker, where 
he is engaged in research on electronic digital 
computers under the direction of Professor 
T. Moto-Oka. 
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Robert McNaughton received the Ph.D. 
degree in philosophy from Harvard Univer- 
sity with a dissertation in mathematical 
logic. He had a personal contract to do work 
in formal set theory from the Office of Naval 
Research at the Illinois Institute of Tech- 
nology during 1952-1953. He taught in the 
Philosophy Departments of Ohio State Uni- 
versity, and the University of Michigan 
(1953-1954) where he worked on a project 
in computing machinery sponsored by the 
Burroughs Corporation. He was at Stanford 
University from 1954 to 1957 and worked 
on the logical design of computing ma- 
chinery under contract to the Office of 
Ordnance Research. 
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Since 1957 he has been an assistant pro- 
fessor at the Moore School of Electrical 
Engineering, University of Pennsylvania. He 
lectures on computers and automata, and 
is also engaged in switching theory projects 
sponsored by the Army and Air Force. 

Dr. McNaughton is a member of the 
Council of the Association for Symbolic 
Logic. He was a coauthor of a paper which 
was awarded the Franklin Institute’s Levy 
Medal in 1956. 
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Tohru Moto-Oka was born in Tokyo, 
Japan, on April 7, 1929. He received the 
Kogakushi degree in electrical engineering 
from the University 
of Tokyo in 1952. 
From 1952 to 1957, 
he was a special re- 
search student at the 
graduate school of 
the University of 
Tokyo and engaged 
in research on an 


electronic digital 
computer. He re- 
ceived the Kogaku 


T. Moto-OKa Hakase degree from 
the University of 
Tokyo in 1957 and joined the staff, where he 
is now an assistant professor in the Electrical 
Engineering Department. 

Dr. Moto-Oka is a member of the Insti- 
tute of Electrical Engineers of Japan, and 
the Institute of Electrical Communication 
Engineers of Japan. 
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Kenro Murata was born on October 4, 
1923, in Yonago, Japan. He graduated from 
the University of Tokyo in 1945, receiving 
the Kogakushi de- 
gree. Since October, 
1957, he has been a 
lecturer in the Fac- 
ulty of Engineering, 
University of Tokyo, 
and is now engaged 
in the construction 
of the digital com- 
puter TAC .at that 
University. 

Mr. Murata is a 
member of the Math- 
ematical Society of 
Japan and the Institute of Electrical Com- 
munication Engineers of Japan. 


K. Murata 


Keisuke Nakagawa was born in Tokyo, 
Japan on March 31, 1935, and received the 
Rigakushi degree in physics from Waseda 
University, Tokyo. 
He is now a student 
in the postgraduate 
course and is engaged 
in the construction of 
the parametron com- 
puter PC-2 under the 
direction of Profes- 
sors H. Takahashi 
and E. Goto. 


K. NAKAGAWA 


Kisaburo Nakazawa was born on Oct] 
ber 2, 1932, in Tokyo, Japan. He graduat'| 
from the Department of Applied Phy | 

ics, University 
Tokyo, in Marq 
1955, and will coy 
plete the post grad} 
ate course in appli 
physics in Mare 
1960. He is present: 
engaged in the co) 
struction of the ele 
tronic digital cor 
puter TAC at ti 
University of Toky| 


K. NAKAZAWA 


Edmund E. Newhall (S’49-A’51), w!) 
born, on May 26, 1927, in Calgary, Albert} 
Canada, and received the B.S. degree in eng) 
neering physics fro i 
the University of Al 
berta in 1949. He wi 
associated with tI) 
Westinghouse Ele} 
tric Company Rad: 
Division, until 19% 
when he went to tl 
University of Ti 
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He taught electron™ 
circuits and receive! 
E. E. NEWHALL the Ph.D. degree | 
1958, shortly befo) 
Laboratories, Murray Hill, N. J. 

Dr. Newhall has been engaged in rij 
search on ferrite devices for memory an| 
logic circuits and has written several tecl| 


nical articles. 
He is a member of the AIEE. 
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George W. Reitwiesner was born i 
Mount Vernon, N. Y. in 1918. He receive 
the B. A. degree in mathematics from Ne 
York University i 
1939, and the S.V 
degree in computi 
from Harvard Gra 
uate School in 195 
From 1940 to 194 
he served with th 
Army Ordnance De 
partment, and fror 
1947 to 1949 wa 
employed at the Ba 
listic Research Labc 
ratories. He ha 
worked with elec 
tronic computers since 1948, and is noi 
employed at the National Bureau of Stanc 
ards. 

Mr. Reitwiesner is a member of th 
American Mathematical Society, the Mathe 
matical Association of America, and th 
Association for Computing Machinery. 


G. W. REITWIESNER 


Morris Rubinoff (A’50—M’55) was bor 
in Toronto, Canada, on August 20, 191’ 
He received the B.S., M.A., and Ph.D. de 
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; in physics in 1941, 1942, and 1946, 
sctively, from the University of Toronto. 
During World War II he participated in 
| proximity fuse re- 
search at the Uni- 
versity of Toronto 
and in England. In 
1946 he joined the 
staff of Harvard Uni- 
versity, Cambridge, 
Mass., as instructor 
in physics and Fel- 
low in applied science 
at the Computation 
Laboratory. From 
1948 to 1950 he as- 
| sisted in the design 
he electronic digital computer at the 
itute for Advanced Study at Princeton 
ersity, Princeton, N. J. In 1950 he 
isferred to the Moore School of Electrical 
lineering, University of Pennsylvania, 
adelphia, where he was engaged in lec- 
ag in the field of digital computers, in 
arch on digital real-time simulation, and 
telephone switching. 

‘n 1957 he took a leave of absence to 
the Philco Corporation as chief engineer 
romputers. Among other computer activ- 
| there, he assisted in the design of the 
-high-speed transistorized computer 
nsac S-2000. In 1959 he returned to his 
- of associate professor of electrical en- 
ering at the Moore School. 

Dr. Rubinoff is a member of the AIEE, 
Association for Computing Machinery, 
Society for Industrial and Applied 
schematics, the American Association of 
versity Professors, and Sigma Xi. 
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akashi Soma was born in Taipei, For- 
a on October 11, 1934. In 1948 he was 
atriated to Japan. In 1953 he entered the 
physics course, Fac- 
ulty of Science, Uni- 
versity of Niigata. 
After graduating in 
1957 he entered the 
graduate course of 
physics, Department 
of Science, Univer- 
sity of Tokyo. He 
obtained the Rigaku- 
shushi degree in 1959 
and entered the Doc- 
torate course. Mr. 
Soma is presently en- 
d in the design of the parametron com- 
r PC-2 under the direction of Professors 
akahashi and E. Goto. 


T. Soma 
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Sam D. Stearns was born in Seattle, 
Wash. on June 18, 1930. He received the 
B.S. degree in electrical engineering from 
Stanford University, 
Stanford, Calif., in 
1953. He received the 
M.S. degree in elec- 
trical engineering from 
the University of New 
Mexico, Albuquer- 
que, in 1957, and is 
currently = working 
towards the doctor- 
ate. 

From 1953 to 1957, 
he served in the U. S. 
Navy as a line officer 
aboard ship and asa physics instructor in the 
Armed Forces Special Weapons Project at 
Sandia Base, N. Mex. From 1957 to 1959, 
he was an engineer at Sandia Corporation 
in Albuquerque, where he is currently em- 
ployed as a consultant to the Automated 
Data Development Department. 

Mr. Stearns is a member of Sigma Xi, 
Phi Kappa Phi, Kappa Mu Epsilon, and the 
International Association for Cybernetics. 
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E1iti Wada was born in Tokyo, Japan, 
on June 1, 1931. He received the Rigakushi 
and Rigaku-shushi degrees in physics in 
1955 and 1957, re- 
spectively, from the 
University of Tokyo. 
In 1955 he joined 
the Digital Computer 
Laboratory, Depart- 
ment of Physics, Uni- 
versity of Tokyo, 
where he designed 
circuits for digital 
computers and_ or- 
ganized the program 
libraries. 


Willis H. Ware (A’43-SM’49) was born 
in Atlantic City, N. J., on August 31, 1920. 
He received the B.S. degree from the Uni- 
versity of Pennsylvania, Philadelphia, in 
1941, and, as a Tau Beta Pi Fellow, the 
S.M. degree from Massachusetts Institute 
of Technology, Cambridge, in 1942. 

From 1942 to 1946 he was employed by 
the Hazeltine Electronics Corporation for 
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research and development in radar and IFF. 
In 1946 he became one of the original 
members of the staff of the Electronic Com- 
puter Project at the 
Institute for Ad- 
vanced Study, Prince- 
ton, N. J. There he 
worked on the de- 
sign and _ develop- 
ment of a large-scale 
general-purpose elec- 
tronic digital com- 
puter, which was to 
set the pattern for 
the later construc- 
tion of several other 
“Princeton-class ma- 
chines.” Simulataneously, he continued his 
graduate work at Princeton University, 
from which he received the Ph.D. degree in 
1951. In 1952 Dr. Ware joined the Rand 
Corporation, where he is continuing his 
work in the applications of digital machines, 
as well as in research and development of 
high-speed computing devices. 

Dr. Ware is a member of Tau Beta Pi, 
Sigma Xi, Eta Kappa Nu, and Pi Mu 
Epsilon. 
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Hisao Yamada (A’55) was born on June 
8, 1930 in Tokyo, Japan. He received the 
B.S.E.E. degree in 1953 from the Univer- 
sity of Japan, where he worked on the design 
of an electronic computer from 1952 to 1954. 
He came to the United States as an exchange 
student in 1954, after he was awarded a 
Stanvac Scholarship of Japan and a Ful- 
bright Grant, and began his studies at the 
Moore School of Electrical Engineering. He 
joined the. staff as an assistant instructor 
in 1955, was promoted to instructor in 1957, 
and associate in 1959. From 1955 to 1958 
he worked on logical design and traffic study 
for an electronic telephone system in an 
Army-sponsored project, receiving the 
M.S.E.E. degree for his thesis on this sub- 
ject. He then became engaged in research 
for a project in general switching theory 
sponsored by the Air Force. Currently he is 
making a study of growing automata for an 
Army project on switching theory, and is a 
candidate for the Ph.D. degree with a dis- 
sertation on this subject. 

Mr. Yamada is a member of the Institute 
of Electrical Engineers of Japan and the 
Institute of the Electrical Communication 
Engineers of Japan. 
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Reviews of Books and Papers in the Computer Field — 


EpItEpD BY E. J. McCLusKEy, JR. 


Comments and suggestions on this new feature of IRE TRANSACTIONS ON ELECTRONIC 


Computers are solicited. Address them either to Professor McCluskey or to H. E. Tompkins, 


Editor. 


The Parametron, a Digital Computing Element which Utilizes 
Parametric Oscillation—Eiichi Goto. (Proc. IRE, vol. 47, pp. 1304— 
1316; August, 1959.) 


In 1954 Eiichi Goto at the University of Tokyo proposed that 
subharmonic oscillators could be used as the basic building block of a 
durable, inexpensive digital computer. Subharmonic oscillators were 
not new, the principle having been studied many years ago and the 
device utilized as a frequency divider. Dr. Goto recognized, however, 
that the phase ambiguity of the subharmonic signal could be used to 
advantage in a computer. When operating with a two-to-one division 
ratio, the subharmonic oscillator can have two distinct signal phases, 
0° and 180°. These two phases can represent a 0 and 1 in a binary 
digital computer. It was also in 1954 that the late John von Neumann 
independently described the parametric oscillator as a means of 
achieving high computing speeds through the use of a microwave 
carrier. Unlike von Neumann’s idea, which is only now being studied 
in American laboratories, Dr. Goto’s proposal of a slower speed mag- 
netic oscillator was pursued vigorously and has resulted in several 
complete computers. In fact it is claimed that nearly half of the 
digital computers built in Japan utilize the parametric device, now 
called the “Parametron.” 

The Parametron consists of a balanced tuned circuit utilizing 
either two magnetic cores or a single magnetic structure having two 
holes. The magnetic material is biased by a de field to a nonlinear re- 
gion on the B-H loop to achieve the variable inductance needed for 
parametric oscillations. Melda’s experiment of exciting a mechanical 
resonator at frequency f by modulating the tension at 2 farads is cited 
as a good example of a parametric device. The mathematics of the 
phenomenon has been treated many times and is not repeated. In- 
stead, a simple development of a negative conductance component 
due to a time varying inductance is presented. The more difficult 
analysis of the amplitude limiting mechanism is left for the appendix. 

The operation of the Parametron is likened to a superregenerative 
amplifier. To control the phase of the Parametron, a quench mecha- 
nism destroys the existing information. The Parametron is then re- 
energized and the growing subharmonic locks in phase with the input 
signal. If no input signal is present, the phase is undetermined and is 
initiated by noise in the circuit. In the appendix a solution to the 
limiting nonlinear differential equation is given and the resulting in- 
tegral curves are utilized in the text to show how input signals differ- 
ing from 0° to 180° are restandardized to the proper phase in the 
Parametron. As in the more common form of a superregenerative am- 
plifier, very large gains can be achieved in the Parametron, limited 
only by circuit noise. A reported gain of 100 db was mentioned. The 
large available gain makes possible a fan out of 10-20. A fan out of 
15 was quoted for the commercially available Parametrons. 

If the Parametron is operated in a detuned condition, then a mode 
referred to as “hard” oscillation occurs as opposed to the normal 
“soft” oscillation. In this state, oscillations at the subharmonic will 
not grow from noise or a small locking signal but require a much 
larger input signal of proper phase to initiate oscillation. Since this 
mode has the three possibilities of no oscillation, 0° phase oscillation 
and 180° phase oscillation such Parametrons are termed “tristable” 
or “ternary.” Other papers! on parametric oscillators have shown that 
a detuned oscillator will have a tristable state at low excitation levels 
and a bistable mode at higher excitation levels, presumably due to a 
shift in tuning as the excitation swings further into the nonlinear re- 
gion of the variable parameter being utilized. Goto does not mention 
any uses of this mode of operation. 


1L. S. Onyshkevych, W. F. Kosonocky, and A.W. Lo, “Parametric phase-locked 
oscillator—characteristics and applications to digital systems,” IRE TRANs. ON 
ELECTRONIC COMPUTERS, vol. EC-8, pp. 277-286; September, 1959. 


The appendix shows the need for a damping component in t’ 
oscillating circuit to insure cessation of the subharmonic signal wh 
the exciting source is periodically removed by the clock. Yet if t 
damping is too large, the superregenerative gain mechanism will ” 
lost. The optimum damping value for the Parametron has been four 
by experiment. ‘ 

The limiting mechanism is derived as a detuning of the circuit d 
to the nonlinear variation of the inductance. An increasing loss mec 
anism might also be expected but it is claimed that the detuni’ 
mechanism is sufficient to account for the limiting action observ! 
experimentally. 

The Parametron is utilized as a majority logic element, not d' 
similar to resistive matrix logic utilizing a threshold device such as 
tube or transistor. The primary difference is that with a carrier sy 
tem two phases may cancel, thus permitting simple majority log 
functions. With any odd number of inputs one phase will predomina 
and the Parametron will lock and amplify that phase. It appears th 
at the present state of development, 5 inputs are the maximum nut 
ber that can be utilized reliably and most of the circuits shown 1 
quired only three inputs. Together with the NOT function which: 
simply achieved by an inverting transformer, the majority logic ef 
ment suffices for all logical operations. Examples of a flip-flop,’ 
binary counter, a binary full adder, and a parity-check circuit a 
given. It is shown that the logic operations AND and OR are sp 
cial cases of majority logic where one of three or two of five inpt 
are biased by signals representing 0 or 1, respectively. 

Dynamic computer circuits generally require a clock and tl 
Parametron computer is no exception. It requires clocking for a reas¢ 
even more basic than timing. Once the Parametron is oscillating, e 
ergy travels bidirectionally from it, feeding back into the input | 
well as into the output. It is shown how a two-phase clock system w 
not suffice unless some unidirectional element is used in the inp: 
lines. A three-phase clock system achieves the necessary unidire 
tional information flow and is utilized in all of the Parametron cor 
puters. Each Parametron is quenched for approximately half t] 
clock period and is active for the other half. Of the three clock phase 
the two successive phases overlap so as to couple signal informatic 
in the proper direction through the computer. The maximum usab 
clock frequency is related to how rapidly the Parametron can | 
quenched and reactivated. Of the Parametron computers cited, 01 
of the largest (9600 Parametrons) and-fastest, employed a 100-1 
clock together with a 6-mc exciting frequency. The upper clock fr 
quency claimed for the Parametron itself was 150 ke. If this pertai 
to the period of one of the phases, the effective computing spec 
could be roughly three times this or 450 kc. Though Goto admits th 
may seem unfavorable when compared to the potentialities of tra 
sistors, it is not too unfavorable when compared to commercial cor 
puters in present use. Indeed, the parametric device utilizing ir 
proved magnetic materials or variable capacity elements holds pror 
ise of exceeding the computing speed of all presently known device 

G. B. HERZ 
RCA Laboratori 
Princeton, N. 


Microwave Parametric Subharmonic Oscillators For Digital Cor 
puting—Fred Sterzer. (PRoc. IRE, vol. 47, pp. 1317-1324; Augu: 
1959.) 


Sterzer describes several clever microwave circuits useful in digit 
applications. The principles of operation for amplification, scalin 
and various logic operations are given, accompanied by experiment 
verification that with these circuits, digital rates in excess of 100 r 


be achieved with present S-band components. The emphasis is 
d on individual circuits rather than a complete set of circuits 
EBiciples for the design of a computer or data processing system. 
‘hese methods are primarily based on the subharmonic oscillator 
)) approach using the phase of an alternating current signal as 
information bearing parameter, an approach which has received 
n publicity recently.! However, elements of amplitude script 
mes? are employed also, and the important task of conversion be- 
in amplitude and phase scripts is shown to be elementary. 
‘he chief contributions of the author are the many uses he demon- 
es for planar transmission line hybrid rings and the ways he uses 
modulation to control the presence, absence, or time of onset of 
lation in the SHO’s. The hybrid ring is a passive element that 
ne used together with threshold detectors to perform AND, OR 
Exclusive-OR functions and alone to allow script conversion and 
terialization of information flow. Since it is a wavelength deter- 
'd structure, its size, at S band, is large for use in a complex sys- 
However, this improves with an increase in the microwave fre- 
icy employed. Bias modulation is important as a way of convert- 
Ne hand pulse information into microwave form—a must in the 
sn of practical microwave digital systems. Moreover, the author 
oses that it is superior in speed to the usual scheme of pump 
Hievon that is normally described for causing information to 
from one element to another. However, the major interest in 
* microwaves is to achieve higher speeds than obtainable by 
ifeeband methods, and including base-band pulses throughout 
/a machine seems to be partially defeating the purpose. 
snother novel technique that the author introduces is forced 
thing of SHO’s with gain in which a control signal smaller in 
nitude than the output of the SHO can force the SHO to change 
. To cause the required change in loading of the oscillator, a 
stant power” source for the controlling signal is necessary. Al- 
gh not mentioned by the author, this is necessary to insure that 
ffective loading on the oscillator varies as desired. 
“he circuits and techniques described by the author are valuable 
butions to the store of knowledge now building up on how to 
srm digital operations with microwaves. 
RonaLpD L. WIGINGTON 
7415 Elgar Street 
Springfield, Va. 


large number of papers treating this subject in detail have been published 
ly by several authors including Billings, Blattner, Enomoto, Gold, Goto, 
g, Hilibrand, Kosonocky, Lo, Mueller, Muroga, Onyshkevych, Oshimo, Pohm, 
r, Stocker, Takoshima, von Neumann, Watanabe, Wigington, and others. 
epresentative papers in this field are: W. C. G. Ortel, “Nanosecond logic by 
ude modulation at X-band,” IRE TRANS. ON ELECTRONIC COMPUTERS, vol. 
| pp. 265-271, September, 1959; and W. Sauter and P. J. Isaacs, “Microwave 
ircuits using diodes,” IRE TRANS. ON ELECTRONIC CompuTERs, vol. EC-8, 
(ia September, 1959. 
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jum Valves in Pulse Technique—P. A. Neeteson. (The Macmillan 
jpany, New York, N. Y., second edition, 1959. 190 pp.) 


“his relatively short British book has more of the characteristics 
monograph on certain basic types of multivibrator circuits than 
general textbook on pulse circuits using vacuum tubes. The sec- 
edition differs from the first primarily by the addition of a 24- 
chapter on blocking-oscillator circuits. 
he vacuum tube is considered as being equivalent to a switch 
subjected to large amplitude signals, and a detailed, but rather 
ntary, discussion is given to its characteristics as a switching 
nt. An idealized linear equivalent circuit is used in the region in 
h the tube exhibits gain. The transients in these circuits are 
zed by using the principle of superposition and adding equiva- 
oltage or current functions to represent the effects of closing or 
ing switches at various points within the circuit. This procedure 
her cumbersome and the author illustrates it by drawing dia- 
s, which he incorrectly calls equivalent circuits, incorporating 
voltage and current generators. An elementary survey of Heavi- 
operational calculus is also included, although, in the reviewer’s 
the use of the Laplace transform method of solving linear 
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ential equations would have been preferable. 

ollowing this discussion of large-signal transients in electron 
circuits, the major part of the book is devoted to an analysis of 

peration of bistable, monostable, and astable multivibrator cir- 
The transition time and voltage waveforms which occur when 
ger pulse is applied to a conventional bistable multivibrator (or 


0 Reviews of Books and Papers 


131 


Eccles-Jordan trigger circuit) are analyzed in considerable detail. A 
similar analysis is carried out for the monostable circuit and for the 
multivibrator oscillator. 

The final section of the book discusses certain basic types of block- 
ing-oscillator circuits. The pulse transformer equivalent circuit is 
highly idealized by neglecting all capacitances. The operation of a 
triggered blocking oscillator using this very simplified equivalent cir- 
cuit is analyzed, and the free-running case is then surveyed briefly. 

The book is evidently intended for practicing engineers who have 
little or no familiarity with the methods of analysis of vacuum tube 
switching circuits. The use of Heaviside’s operational calculus and the 
great detail with which some problems are treated detract somewhat 
from the desirability of the book as a reference for students. 

WILLIAM H. SURBER 
Princeton University 
Princeton, N. J. 


Basics of Digital Computers—John S. Murphy. (John F. Rider Pub- 
lisher, Inc., New York, N. Y., 1958. 372 pp.) 


This is definitely not just another book about computers. It is 
unique primarily because of the excellence of the style of presentation 
and also because of the completeness of the over-all selection of top- 
ics. The author has been very successful in writing a book which is 
excellent for its proposed use in training “computer technicians and 
field engineers.” Professionals in the computer field will undoubtedly 
find the book insufficient for their needs since it is essentially descrip- 
tive in character and does not present specific or mathematical dis- 
cussions. Also, the pictorial nature of the presentation (“at least one 
big illustration is given on each page”) is likely to make an unfavor- 
able initial impression on a professional. In spite of these facts, any- 
one interested in digital computers will probably find something 
valuable and interesting in this book. These considerations, coupled 
with the low cost ($7.50 paperbound, $8.50 clothbound), make this 
book a recommended addition to anyone’s collection of computer 
literature. 

The internal workings of a digital computer form the subject 
matter of this book with only a very minimal description of pro- 
gramming considerations. It is unfortunate that no mention is made 
of analog computers to fill out the introductory material. Also the 
author’s handling of the difference between electron flow and current 
flow tends to be confusing at times—especially since the book is 
mainly intended for readers who are not engineers. On page 1-19 the 
rather misleading statement that “Like the relay, the flip-flop was 
found suitable for control functions, but not for storing data, for it 
had only two states” is made. There is an error in the figure on page 
2-30; in the upper right hand corner of this figure the +20 v should 
actually be —20 v. 

E. J. McCLuskeEy, JR. 
Princeton University 
Princeton, N. J. 


PILOT—A New Multiple Computer System—A. L. Leiner, W. A. 
Notz, J. L. Smith, and A. Weinberger. (J. Assoc. Computing Mach., 
vol. 6, pp. 313-335; July, 1959.) 


PILOT, now under construction at the National Bureau of Stand- 
ards, is a one-megacycle, vacuum-tube computer system using modi- 
fied SEAC circuits and small, one-microsecond, diode-capacitor mem- 
ories. The system comprises three independently programmed com- 
puters. The first is a general-purpose scientific and business computer 
whose performance appears to be somewhat higher than that of a 
Transac S-2000 (with 12 usec memory) and about half that of the 
Univac Larc. The second is specialized for very high speed index 
manipulation and similar housekeeping operations. The third com- 
puter, or Format Controller, uses a plugboard-stored program to 
effect input-output buffering and assembly together with simple 
character-by-character editing functions. 

The authors briefly but adequately describe the formats, opera- 
tion lists, and operation times for each of the three rather different 
computers whose internal organizations are not discussed. The exten- 
sive discussion of the novel over-all system organization and of the 
carefully-designed communications among the computers and with 
the environment is informative but sometimes prolix and occasionally 
vague (e.g., the size of the primary computer’s memory is not stated). 
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The described justification for PILOT is two-fold: 


1) NBS needs an unusually flexible and rather powerful tool for 
investigating large-scale business data processing and simulat- 
ing data processing devices. 

2) The NBS group, believing that important real-time problems 
can best be attacked by networks of computers, desires to 
experiment with these. 


The design itself indicates a preoccupation with the latter objec- 
tive. It is highly questionable, for example, whether the use of an in- 
dependent secondary computer is the easiest or most efficient way of 
performing housekeeping in parallel with computation; but this ap- 
proach will undoubtedly yield more knowledge of computer networks. 
Similarly, the needs for versatility and efficiency in simulation are 
only superficially met in the principal computer. For example, binary 
floating peint operation is augmented by decimal floating point opera- 
tion, a feature whose low cost nevertheless exceeds its value. But, 
more fundamentally, the three-address instruction is ill-adapted for 
simulating other machines; and, most crucially, only rudimentary 
provisions are made for manipulating arbitrary groups of bits. 

The tertiary computer, however, represents a sound generaliza- 
tion of current techniques of input-output control. Its programmabil- 
ity should indeed permit the easy attachment of a wide variety of 
input-output devices. 

In short, this informative paper describes a machine which is 
likely to stimulate good work in the design and operation of computer 
networks but which does not seem peculiarly apt for investigating 
governmental data processing problems. 

F. P. Brooks, JR. 
IBM Research Laboratory 
Yorktown Heights, N. Y. 


Programming for Digital Computers—Joachim Jeenel. (McGraw-Hill 
Book Co., Inc., 1959.) 


At last someone has had the courage to put out a book which deals 
honestly with the difficulties of programming for digital computers. 
Here is a systematic presentation of the standard detailed problems 
one encounters when programming a computer directly in machine 
language. Jeenel has taken great pains to give as lucid an exposition 
as may be possible for an admittedly difficult subject, and his efforts 
have been materially enhanced by the fine typographic work which 
has been accorded his flow diagrams. Both he and the publishers are 
to be congratulated. The author has avoided the mistake of getting 
involved with the intricacies of a particular computing machine, and 
his exposition is couched in terms of a rather well-behaved single- 
address hypothetical machine. Only in the first three chapters where 
he is considering the nonessential details of “how a computer really 
works” is there any real involvement with much that looks like ma- 
chine language. The bulk of the book is therefore free to concentrate 
on the ideas involved in table lookup, sequencing, sorting, automatic 
address modification, etc. 

This reviewer has a minor quibble with the author over his group- 
ing of assembly and compiling systems. Such a treatment leaves the 
quite erroneous impression that these two categories are comparable 
in their sophistication and in their ease of execution or even construc- 
tion. Also, the author only discusses pseudo-codes and external 
languages briefly toward the end of the book—along with other im- 
portant topics such as testing and debugging programs. One might 
hope that in a book of 500 pages it would be possible to treat the ques- 
tion of external languages more thoroughly. Their importance has in- 
creased and is still increasing as people realize the cost of mistakes in 
writing programs in a language psychologically unsuited to the person 
doing the coding. On the other hand, this reviewer has just finished 
giving some lectures on programming and coding and he is all too 
well aware of the necessity for redundant exposition. In the light of 
that experience he cannot honestly wish that this book had been 
more tersely written. It is a fine book for those who wish to roll up 
their sleeves and learn how to code. Those who merely wish to add a 
computer veneer to their technical vocabulary would be well advised 
to stay away. 

F. S. Acton 
Princeton University 
Princeton, N. J. 
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Algebraic Topological Methods for the Synthesis of Switching Sys 
tems, Part III, Minimization of Nonsingular Boolean Trees- 
J. Paul Roth and E. G. Wagner. (IBM J. Res. & Dev., vol. 4, pp. 326 
344; October, 1959.) 


This paper is concerned with the minimization of single outpe 
circuits which are disjunctions of trees of any desired set of logice 
elements. In any particular tree no input is allowed to appear mor 
than once. Expressed alternatively, the authors consider “OR-ing 
together of single output circuits, each of which is composed of arb: 
trary logical elements. These elements may have any number of i ir 
puts but only one output, which may drive one subsequent elemen: 
The circuits are restricted to be nonsingular, That is, no basic inpu 
variable may appear more than once in any one of these circuits. 

The arbitrary elements are permitted to have various costs, an 
an algorithm is given for producing a minimum-cost circuit of th 
above type which realizes any given logical function. It is shown tha 
this algorithm is much more efficient than some systematic exhaustiy, 
procedure. Nevertheless, there are still several lengthy, laboriou, 
phases of the algorithm which limit its usefulness. It would be intey, 
esting to determine whether the algorithm satisfies the authors’ re 
quirement that “the algorithm, when programmed on the IBM 70: 
should be capable of solving, say, an 8-variable problem with eigh 
hours of machine time.” 

The basic steps given for producing a minimal circuit are: 


1) Determination of the set of all nonsingular circuits whose dit 
junction is the given logical function. 

2) Elimination of certain nonsingular circuits which cannot Bb 
members of any final minimum-cost circuit by means of a’ 
operation using what the authors call the “less-than relatior’ 
ship.” This step may be combined with the first step. 

3) Selection of certain nonsingular circuits (extreme nonsingula 
circuits) which must appear in any final minimum-cost circui! 

4) Determination by means of a process called branching of th 
remaining nonsingular circuits whose disjunction with the ey: 
treme nonsingular circuits constitutes a minimal-cost circul 

Step one appears to be the most time-consuming and exhaustivé 
working from a matrix equivalent to the truth table of the give’ 
logical function. When combined with step two, it gives a set of func 
tions analogous to Quine’s prime implicants but more general, ir 
cluding them as a special case. Steps three and four are nearly ident? 
cal to corresponding procedures from normal form minimization. Ff 
should be noted that several procedures exist in the literature! q 
alternatives to the branching operation. 

One misprint was noted. On page 337 matrix K should be on 
not zero, in the second column and either in the first or third row. / 
novel feature of this paper is the parallel treatment of the materia 
by the two authors in two complementary versions, a mathematicd 
version and an engineering version. This was done with considerabl 
success and might well be considered by other authors in areas ¢ 
joint interest to engineers and mathematicians. | 


S. R. PETRIG 
AF Cambridge Res. Cente 
‘ Bedford, Mas¢ 


1M. J. Ghazala, “Irredundant disunerG and conjunctive forms of a Boolea 
function,” IBM J. Res. & Dev., vol. 1, pp. 171-176; 1957. 

H. Mott, “Determination ae the Irredundant Normal Forms of a Trut 
ee by Iterated Concensus of the Prime Implicants,” Symp. on Switchin 
Plgsbrae Internatl. Conf. on Information Processing; June, 1959. 

3S. Petrick, “A direct determination of the irredundant forms of a Boolea 
function from the set of prime implicants,” AFCRC, Bedford, Mass., TR-56-11( 
pray b 


On the Classification of Boolean Functions—Solomon W. Golomt 
(IRE Trans. on Circuit THEory, vol. CT-6, Special Suppl., py 
176-186; May, 1959.) 


Logic Matrices and The Truth Function Problem—Douglas F 
Netherwood. (J. Computing Mach., vol. 6, pp. 405-414; July, 1959 


Both of these articles deal with the classification of Boolean fun 
tions and the derivation of standard forms for them. Two Boolea 
functions of m arguments are said to be equivalent whenever one ca 
be transformed into the other by operations of 1) permuting argu 
ments, 2) complementing arguments, 3) complementing the functiot 
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-e are 2"'1.m! distinct transformations to be considered, and these 
ition the set of functions of n arguments into disjoint equivalence 
es of mutually transformable functions. If f and g are equivalent 
tions, the derivation of a circuit for g from a circuit for f is trivial, 
sarly so, once the appropriate transformation is known. Equiva- 
relationships are conveniently investigated by defining for each 
valence class a representative member, or standard transform, and 
ag an algorithm for reducing an arbitrary function to the stand- 
ranstorm of its class. Two functions are then equivalent if and 
| if they reduce to the same standard transform. 

et a k vector be defined as an ordered k-tuple of elements, each 0 
, and let the distance between two k vectors be the number of 
es in which corresponding components have different values. One 
esentation of a Boolean function f of m arguments is given by the 
pf m vectors corresponding to configurations of argument values 
which f has value 1. The distance relationships among the » vec- 
of this set are essentially invariant under transformations of the 
; considered; hence, they provide a means for function classifica- 
. Netherwood shows how these relationships can be used to define 
idard transforms, by imposing certain requirements on the order 
yhich they appear when the x vectors are listed in a prescribed 
iner. The reduction of a given function to its standard transform, 
jever, may involve rewriting the matrix of m vectors several times; 
, there are cases where it is difficult to recognize when the stand- 
transform has, in fact, been obtained. Since only vectors corre- 
nding to function values 1 enter the procedure, the method should 
faction ( applicable whenever the total number of 1 values for 


unction (or its complement) is relatively small. 
Another general way of representing a Boolean function f of 1 
iments is as a 2" vector, whose components give the function val- 
jassociated with the 2” configurations of argument values, listed 
2 prescribed order. The classification criteria introduced by 
pmb involve the distance relationships between the vector f and 
vectors of a particular set of 2” functions. This set is obtained by 
ig all possible modulo 2 sums of 0, 1, - - - , m arguments. It forms 
sis for generating the set of all 2” vectors, when the latter is con- 
~ed as a linear space with operations of modulo 2 addition and 
tiplication. 

The 2” distances between the vector f and the 2” basis vectors are 
{ to define invariants for transformations of permutation and 
plementation. The fact that the basis vectors correspond to a 
plete set of orthogonal expansion functions shows that the set of 
riants uniquely characterizes f. A standard transform is then 
ned by imposing ordering requirements on the list of invariants. 
|standard transform is obtained in stages, and at any stage several 
sforms of the function may have to be considered. Since it is al- 
is necessary to work with 2” vectors, and a set of 2” invariants, the 
involved in implementing the procedure increases rapidly as n 
ases. Golomb indicates how aids in the form of charts and tem- 
es can be employed to simplify the task. 
oth the Netherwood and Golomb procedures make use of funda- 
tal properties of Boolean functions; the articles therefore are 
vant to the general investigation of Boolein function structure. 
‘use by Golomb of the theory of expansion in terms of an orthog- 
system is particulary noteworthy. 


| R. L. ASHENHURST 
| University of Chicago 
Chicago, Il. 


ysis of Bilateral Iterative Networks—F. C. Hennie. (IRE TRaAns. 
IRCUIT THEORY, vol. CT-6, pp. 35-45; March, 1959.) 


his paper is the first general treatment of bilateral iterative com- 
tional networks to appear in print. Methods involving a number 
vel concepts are given for analyzing, simplifying and synthesiz- 
uch networks. The paper is clearly written, and well worth read- 
or those interested in either the design or theory of switching 
orks. 

niterative combinational network consists of a chain of identical 
. Each cell is a combinational network. Each cell in a bilateral 
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iterative network has an input from a cell on its left and from a cell 
on its right. It also has a primary input. These inputs taken together 
constitute the “total state” of the cell, and determine the cell’s out- 
puts, which are the left, right, and primary outputs. A cell table of 
combinations giving for each possible “total state” all the cell out- 
puts, together with boundary conditions (inputs to end cells) consti- 
tute the starting point of the analysis. The end of the analysis is a 
reasonably simple system for determining for any set of primary 
inputs to a network built.of such cells, what the set of primary out- 
puts will be. 

The author notes that if cell A is in total state S,,B, the adjacent 
cell on A’s right can be in state S» if the right output of S} is the left 
input of S:, and (since the network is assumed to be in equilibrium) 
the left output of S: equals the right input to Sj. 

Starting then with the set of total states possible in the leftmost 
cell (determined by the left boundary conditions) and labelling this 
set do, one may determine the set of total states possible to the cell 
on its right, for each primary input of the leftmost cell. This new set 
is given a new label if it is different from a. By continuing the above 
process one may construct a left label matrix, which contains for each 
possible label, the label which will result, for each possible primary 
input. Starting with the right boundary conditions a right label 
matrix can be similarly constructed. 

With simple tests on these matrices the author shows how to de- 
termine if the network does, in fact, have an equilibrium condition 
for every set of primary inputs, and whether the network’s output is 
independent of its history. The left and right label matrices together 
with an output matrix which gives the primary output of a cell for 
every pair of labels, one left, and one right, allows one to determine 
simply the primary outputs of the network for any set of primary in- 
puts. It is further shown that the left and right label matrices each 
define a unilateral iterative network. These two unilateral networks 
together with an output network described by the output matrix 
make up a network which is equivalent to the original bilateral net- 
work. If the two unilateral networks are minimized by removing re- 
dundant states in each of them, we have a canonical description and 
an associated canonical network for the bilateral network. Canonical 
here means that any two bilateral networks having identical canoni- 
cal descriptions are equivalent. This is what the author calls his 
fundamental theorem. 

Although the removal of redundant states of a cell in a unilateral 
iterative network can be carried out with the same processes as those 
used in synchronous sequential circuits, a new process is required in 
the case of cells of bilateral iterative networks. The author describes 
this process, which follows, in a way, analogously to that for sequen- 
tial circuits, from his definition of coredundancy. Roughly two states 
are coredundant if the replacement of the outputs of one for the out- 
puts of the other in the cell table of combinations leads to a network 
equivalent to the original bilateral network. 

Finding the minimum state description of the cell of a bilateral 
network turns out to be more difficult than for the cell of a unilateral 
network. This results largely from the fact that coredundancy is not 
an equivalent relation, and therefore the number of states which can 
be removed is a function of the order in which states are removed. 

The author points out a number of areas which require further 
study. For instance his analysis assumes equilibrium in the bilateral 
network. How it gets there, or its transient behavior, is still a prob- 
lem. As the author points out, however, there are a number of net- 
work forms which, although not necessarily minimum in any sense, 
will guarantee realization without any transient problems. The ca- 
nonical network is one of these. Another open problem not mentioned 
by the author concerns the special conditions which may be exhibited 
by cells near the ends of the bilateral network. For instance, there 
may be states which are accessible to cells near the middle of the 
network which are not accessible to those at the ends. 

The author gives a proof of his fundamental theorem, and an out- 
line of a proof of the process for detecting coredundancy. On the other 
hand a number of equally important points get only sketchy treat- 
ment. Perhaps the paper should have been longer. 

Mi: Ce PAuEL 
Bell Telephone Labs. 
Whippany, N. J. 
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1: EQUIPMENT—THEORETICAL 


| DESIGN 


| 
ching Circuits Using Bi-Directional 
inear Impedances, by T. B. Tomlinson 
puter Developments Ltd.); J. Brit. 
i, vol. 19, pp. 571-591; September, 1959. 
na brief general review of logic cir- 
ry, a case for a bi-directional, nonlinear 
ching element is developed. In order to 
pare circuits using such elements with 
e using standard semiconductor diodes, 
main features of diode gates are con- 
-ed in detail. Particular attention is paid 
1e design of p-n-p transistor driver stages 
‘their dependence on the logic sequence. 
ne using bi-directional “constant volt- 
elements, including a “two-decision” 
5 gate, are described. Possible types of 
jtant voltage element are discussed and 
‘rimental results for multi-electrode sili- 
carbide devices are given. An interesting 
ure of the latter is the nonlinear be- 
ior of capacitance. An attempt is made 
compare gating circuits employing con- 
| voltage, bi-directional elements with 
idard diode gates from performance/cost, 
it of view. A majority is made possible 
1 “constant current,” bi-directional ele- 
it. If one input is used as a control, 
gate can be controlled to act asa 3-AND, 
DR, or a “2 or more out of 3” logical unit 
out change of input or output connec- 
5. Some possible realizations of the con- 
't current device are discussed. A binary- 
| decoder circuit and a simple binary-full 
r circuit are given as examples of the 
ication of the nonlinear elements and to 
‘trate their unusual features. 


owave Computer Research, by M. P. 
er (G.E. Microwave Lab.); U. S. Gov. 
Rept., vol. 32, p. 359(A), September 11, 
»; PB 136 999 (order from LC mi $3.30, 
47.80) 2 
detailed analysis of mysec pulse trans- 
ion is carried out by means of the 
ier transformation. Gaussian pulse en- 
pes are assumed as a reasonable approxi- 
ion to physically realizable pulses. Pulse 
rioration due to amplitude and phase 
rtion (dispersion) is calculated and 
ssed. 


gic Design for a Microwave Computer, 
. P. Frankel (G.E. Co.); IRE TRAnNs. 
LECTRONIC COMPUTERS, vol. EC-8, pp. 
276; September, 1959. 

he special problems which arise from 
use of microwave components such as 
elling-wave tubes and waveguides in a 


. S. Government Research Reports may be or- 
by prepayment of the fee to the organization 
ted. When ordering, give the complete title 
B number of the report. Mi indicates microfilm, 
dicates photocopy. ; 
' LC indicated, write to: Library of Congress, 
duplication Service, Publications Board Project, 
nington 25, D. C. Make check or money order 
ble to: Chief, Photoduplication Service, Library 
ogress. ; 
OTS is indicated, write to: Office of Technical 
ces, U. S. Department of Commerce, Washing- 
»5, D. C., or to any Department of Commerce 
office. Make check or money order payable to: 
, Department of Commerce. 


computer are discussed and the logic design 
for a microwave computer is developed with 
attention to these problems. 


A-2: EQUIPMENT—COMPONENTS 
AND CIRCUITS 


546 
Design Criteria for Autosynchronous Cir- 
cuits, by J. C. Sims, Jr. (Sylvania Elec. 
Products, Inc.) and H. J. Gray (Univ. of 
Pennsylvania); Proc. Eastern Joint Com- 
puter Conf., pp. 94-99; December 3-5, 1958. 
The speed limitations of synchronous 
computers are discussed and design criteria 
for higher speed operation are presented. Ex- 
amples for a logic and circuit organization 
which results in both faster operation and 
improved performance to cost ratios are 
given. In particular, circuits which are free 
of transient logical malfunctions, sometimes 
called “spikes,” are developed and a typical 
autosynchronous system is shown. 


547 
Microminiature Electronic Circuitry for 
Space Guidance, by E. Keonjian (Amer. 
Bosch Arma Corp.); 1959 IRE WESCON 
CONVENTION RECORD, pt. 6, pp. 92-99. 
The results of a feasibility study of mic- 
rocircuitry as applied to one part of a space 
guidance digital computer is described. A 
full adder consisting of seventeen individual 
circuits has been built within a total volume 
of 0.5 cubic inch as one phase of this study. 
This corresponds to a final circuit parts 
density of approximately 300,000 parts per 
cubic foot. Various layouts of components 
and interconnection techniques were utilized 
in the attempt to reach a workable com- 
promise between standardization and opti- 
mization. In all circuits the active elements 
are directly integrated into the circuit sub- 
strate. Various concepts of microminiaturi- 
zation are briefly described, the basic circuit 
requirements for space electronics are out- 
lined, and the future objectives of the micro- 
miniaturization program are given. 


548 

Data Storage and Display with Polarized 
Phosphors, by H. P. Kellmann and J. Ren- 
nert (New York Univ.); Electronics, vol. 32, 
pp. 39-41; August, 1959. 

The application of persistent internal 
polarization (p.i.p.) in organic and inorganic 
phosphors and in single crystals such as 
cadmium sulphide to photography and to 
the storage of data in computer memories is 
discussed. Data is stored by separating 
charges in the material with dc fields and 
radiation. Two techniques for reading out 
the data are described. The preparation of 
the p.i.p. layers and the mechanisms in- 
volved in their operation are discussed. 


549 

An Approach to Microminiature Printed 
Systems, by D. A. Buck (M.I.T.) and K. R. 
Shoulders (Stanford Res. Inst.); Proc. East- 
ern Joint Computer Conf., pp. 55-59; 
December 3-5, 1958. 

A technique for producing microminiature 
printed circuit conductors which are 0.1 
micron wide is described. Such a technique 
permits the fabrication of microminiature 
circuits with a component density of 50 mil- 
lion per square inch per layer. A thin 
metallic film is formed on a substrate by 
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vacuum evaporation or by vapor plating, a 
resist is produced on desired areas by the 
free radical polymerization of siloxane or 
hydrocarbon vapors, the exposed metallic 
film is removed by vapor etching, and the 
resist is then removed by hydrogen fluoride 
vapor. The resist may also be heated to 
form an insulator between metallic layers. 
The technique is illustrated by the etching 
of a molybdenum film (on a silicon monoxide 
film) about 800 Angstroms thick into squares 
about 0.001 inch on a side. Techniques for 
producing desired patterns in the resist are 
discussed. 


550 

Research on Automatic Computation Tech- 
niques and Components, by W. M. Becker, 
R. W. Clark, and M. S. Hall (Natl. Cash 
Register Co.); U. S. Gov. Res. Repts., vol. 
32, pp. 359-360(A), September 11, 1959; 
PB 151 834 (order from OTS $3.00). 

The implementation of a _ notation 
scheme designed to serve as the arithmetic 
unit of a digital computer is discussed. The 
principal problems were those of finding a 
method of operating magnetic core function 
matrices faster and more reliably than was 
possible heretofore, and to devise a way of 
operating large (10° bits) magnetic core 
matrices at high speeds without the neces- 
sity of redundant circuitry. A study of 
methods of processing vacuum evaporated 
barium titanate films which might lead to 
ferroelectric behavior suitable for computer 
device application is also presented. Prob- 
lems encountered in the formation of thin 
films of ferroelectric material other than 
barium titanate are discussed. Finally, the 
fabrication of a fast electro-optical switch 
for logic circuitry in digital data processing 
systems by using the optimum combination 
of polycrystalline electroluminescent (EL) 
and photoconductive (PC) materials is de- 
scribed. ZnS-type EL phosphors and CdS, 
CdSe, and PbS PC materials were investi- 
gated. The following problems are consid- 
ered: 1) the effects of the dielectric charac- 
teristics of the embedment on the properties 
of an EL layer; 2) the spectral emission of 
the EL materials and the spectral sensitivity 
of the PC materials; and 3) the speed of re- 
sponse of the EL layer and the PC element. 


551 
Using Inductive Control in Computer Cir- 
cuits, by W. M. Carey (Minneapolis- 
Honeywell Regulator Co.); Electronics, vol. 
32, pp. 31-33; September 18, 1959. 
Transistorized digital computer time- 
measuring circuits which utilize inductance 
as the passive time-measuring or storage ele- 
ment are discussed. The circuits include a 
differentiator, a single-shot multivibrator 
which provides output pulses longer in dura- 
tion than the input trigger, a self-starting 
choke-controlled free-running multivibrator, 
a transformer-controlled free-running multi- 
vibrator, a counter circuit which uses con- 
ventional linear transformers instead of the 
usual square hysteresis loop core, and a shift 
register. The advantages of inductance over 
capacitance control are pointed out. All 
these circuits have been utilized in a com- 
mercial data processor for several thousand 
hours without a component or computa- 
tional failure of any kind. 
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Transistor Blocking Oscillator for Use in 
Digital Systets, by A. A. Kaposi (Ericsson 
Telephones Ltd.) ; Electronic Engrg., vol. 31, 
pp. 480-484; August, 1959. 

A transistor blocking oscillator circuit 
which utilizes a saturable transformer to 
produce a pulse length that is independent 
of transistor parameters, of temperature, 
and of load current is described. Practical 
circuits having pulse lengths of 1.5 wsec and 
greater have been constructed. The circuit 
is particularly suitable for driving magnetic 
core counters. 


553 

Analysis of TRL Circuit Propagation Delay, 
by W. J. Dunnet, E. P. Auger, and A. C. 
Scott (Sylvania Elec. Products, Inc.); Proc. 
Eastern Joint Computer Conf., pp. 99-108; 
December 3-5, 1958. 

Experimental and analytical investiga- 
tions of the propagation delay in a transis- 
tor-resistor logic (TRL) circuit are discussed. 
Propagation delay is the time required, after 
the application or removal of an input signal, 
for the TRL transistor output level to begin 
to change. Transistor input capacity; tran- 
sistor rise, decay, and storage times; and 
their relationship to propagation delay are 
discussed. A procedure for calculating the 
propagation delay for a given transistor and 
circuit configuration is outlined. TRL circuit 
environment is considered and general ex- 
pressions relating turn-on and turn-off cir- 
cuit beats to circuit parameters (supply 
voltages, input and collector resistors) and 
transistor steady-state voltages, Vaz and 
Ver (saturated) are developed. A computer 
program based on these relationships is 
being prepared in order to achieve optimum 
TRL circuit design and to compile propaga- 


tion delay tables useful to the logical 
designer. 
554 


DC Design of Resistance Coupled Transis- 
tor Logic Circuits, by W. J. Wray, Jr. 
(Burroughs Corp.); IRE TRANS. ON CIRCUIT 
THEORY, vol. CT-6, pp. 304-310; September, 
1959. 

Worst-case de design equations for re- 
sistance coupled transistor logic circuits are 
presented and discussed. A solution is chosen 
in a form which provides for setting switch- 
ing transient times in advance of calculating 
the de design. All constants are discussed, 
and the algebraic solution is obtained for 
values of the unknown resistors and voltages. 
A numerical example illustrates a typical 
design with five inputs and five outputs, 
using the type GT-759 transistor. 


555 
Millimicrosecond Digital Computer Logic, 
by N. F. Moody and R. G. Harrison (De- 


fence Res. Board of Canada); Electronic 
Engrg., vol. 31, pp. 526-529; September, 
1959. 


A transistorized fast-pulse logic system 
which utilizes transformer coupled stages 
and is tolerant to digit delays is described. 
The transistors may be saturated without 
significant loss in speed. Logical circuits for 
OR, AND, INVERTOR, and RE-CLOCK 
are presented, together with a driver which 
permits a “fan out” factor of 5. Existing 
logical units an chandle 1.2 X10" digits per 
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second, This figure can be improved to 
210" digits per second. Since the speed of a 
logical unit is one half the potential data 
handling speed of the system, a speed of 
4.010? digits per second is possible. 


556 

Direct-Coupled Transistor Logic Circuitry, 
by J. R. Harris (Bell Tel. Labs, Inc.); IRE 
TRANS. ON ELECTRONIC COMPUTERS, vol. 
EC-7, pp. 2-6; March, 1958. 

Logical design rules and transistor speci- 
fications for direct-coupled transistor logic 
circuitry are enunciated. Typical circuit 
configurations, reliability, temperature limi- 
tations and speed of operation are discussed. 
Silicon transistors are considered to be less 
susceptible to false switching due to noise 
than germanium transistors. The properties 
of DCTL circuitry lend themselves readily 
to the design of complete systems. 


557 

Nanosecond Logic by Amplitude Modula- 
tion at X Band, by W. C. G. Ortel (Bell 
Tel. Labs. Inc.); IRE TRANS. ON ELECc- 
TRONIC CoMPUTERS, vol. EC-8, pp. 265-271; 
September, 1959. 

A basic circuit which consists of a diode 
modulator controlled by the signal from a 
diode detector and which can perform logical 
AND, EXCLUSIVE-OR, and OR functions 
upon pulsed microwave signals is described. 
Pulse rates up to 500 mc have been used at a 
carrier frequency of 11,000 mc. To cemon- 
strate that microwave circuits can be used 
for the regeneration and circulating storage 
of pulses, as well as for logic, a digital arith- 
metic unit has been built which multiplies 
two 8-digit binary numbers. Various forms 
of the basic circuit have been studied in 
operation. 


558 

Microwave Logic Circuits Using Diodes, by 
W. Sauter and P. J. Isaacs (Sperry Gyro- 
scope Co.); IRE Trans. ON ELECTRONIC 
Computers, vol. EC-8, pp. 302-307; Sep- 
tember, 1959. 

A method of controlling the transmis- 
sion of microwave power in a waveguide via 
external control of the de bias on a semi- 
conductor diode mounted across the wave- 
guide in a direction parallel to the E field 
is discussed. The combination of a micro- 
wave detector with such a modulator af- 
fords a means whereby RF power in one 
waveguide can be made to control RF power 
in a second waveguide. In order to test the 
applicability of this circuit to binary logic 
functions, a regenerative memory loop has 
been constructed. Travelling-wave tubes 
were employed to raise the level of a con- 
trolled signal to that required by the de- 
tector. Using an X-band carrier, binary 
pulse stability was observed at pulse repeti- 
tion rates of 685 me. 


559 

Fast Microwave Logic Circuits, by D. J. 
Blattner and F. Sterzer (RCA); IRE Trans. 
ON ELECTRONIC COMPUTERS, vol. EC-8, 
pp. 297-301; September, 1959. 

The representation of binary informa- 
tion in a carrier-type digital computer sys- 
tem by the presence or absence of an RF 
pulse in a given time interval is discussed. 


Marel 


Using strip-line printed circuit technique 
and point-contact diodes, passive AND an 
NOT gates which operate with RF pulses ¢ 
less than 2 mysec duration (7.e., an effectiv 
pulse repetition rate of 500 mc) at a carrie 
frequency of 3000 mc have been constructec¢ 
The basic gates were combined to form hal 
adders. Unlike other carrier approache: 
these circuits keep the information in RI 
form through all steps of the logic opera 
tions; 7.e., both inputs and outputs of a 
elements are RF pulses. | 
560 
The Parametron, A Digitai Computing Ele 
ment Which Utilizes Parametric Oscille 
tion, by E. Goto (Univ. of Tokyo); Prog 
IRE, vol. 47, pp. 1304-1316, August 195% 
p. 1840, November, 1959. 

The basic principles and applications ¢ 
the parametron digital computer element ar 
described. A parametron element is esser 
tially a resonant circuit with a nonlineé 
reactive element which oscillates at one-ha’ 
the driving frequency. The oscillation : 
used to represent a binary digit by th 
choice between two stationary phases : 
radians apart. The basic principle of logicé 
circuits using the parametron is explainec 
and research on and applications of param 
etrons in Japan are described. 

i 

561 
Microwave Parametric Subharmonic Osci 
lators for Digital Computing, by F. Sterze 
(RCA); Proc. IRE, vol. 47, pp. 1317- 1 
August, 1959. 

In a digital information handling systel 
a binary one can be represented by an R’ 
signal of a given phase, frequency, and am 
plitude, and a binary zero by a signal of tk 
same frequency and amplitude but wit 
opposite phase. The use of subharmonic 0; 
cillators to switch, store, and amplify binar! 
information coded in this manner is r¢ 
viewed. A variable capacitance subharmon’ 
oscillator having an output frequency 
2000 mc is described, and the use of this o! 
cillator in circuits for amplifying, scaling 
and performing logic functions is discusse¢ 
The circuits described operate at pulse rep 
tition rates exceeding 100 mc. By raising tk 
carrier frequency to X band, it should be po: 
sible to increase the maximum rate to a fe 
hundred megacycles. | 


562 ' 
Semiconductor Diodes in Parametric Sut 
harmonic Oscillators, by J. Hilibrand an 
W. R. Beam (RCA); RCA Rev., vol. 21 
pp. 229-253; June, 1959. | 

The nonlinear reactance elements mo; 
suitable for high-frequency parametric sul 
harmonic oscillators are semiconductor d 
odes. The performance of these diodes in tt 
basic oscillator circuit is evaluated. The e 
fects of stray capacitance, spreading resis 
ance, junction conductance, and capac 
tance-voltage sensitivity are taken into a 
count in the analysis of theoretical oscillat 
performance. The subharmonic output vol 
age is limited, in oscillators designed fe 
minimum rise time, to values much less tha 
the pump voltage, but greater output vol 
ages can be obtained if rise time is sacrifice 
In such high-voltage operation, the amp! 
tude is limited by available power from tl 


mp source and conversion efficiency is de- 
ined by spreading-resistance losses. 
» also the following abstract.] 


niconductor Parametric Diodes in Micro- 
ve Computers, by J. Hilibrand, C. F. 
icker, and R. D. Gold (RCA Labs.); IRE 
ANS. ON ELECTRONIC CompuTERS, vol. 
-8, pp. 287-297; September, 1959. 

‘The parametric subharmonic oscillator 
irates by energy transfer from the pump 
quency to the oscillator frequency 
pugh a nonlinear energy storage element 
h as the nonlinear capacitance of a semi- 
jductor diode. Both the requirements on 
| diode for satisfactory performance in this 


ance which arise from the nature of the 
piconductor diode are examined. The 
lysis shows that abrupt junction diodes 
ist have a Q of at least four at the oscilla- 
frequency if there is to be any usable 
rgy transfer, and that graded junction 
ides must have a Q of six. The time con- 
mt governing the rise of the envelope of 
subharmonic waveform is a marked 
iction of the stray capacitances; this func- 
is examined in detail. The choice of bias 
itage to obtain the fastest possible rise 
se involves consideration of the stray 
pacitance, the Q of the available diode, 
1 limitations imposed by excessive pump 
wer requirements. For negligible stray 
sacitance, it is shown that the subhar- 
‘nic waveform can rise by a factor e in 1.3 
les of the subharmonic frequency for an 
‘upt junction diode, or in 1.9 cycles for a 
ided junction diode. The principles in- 
ved in the design of the semiconductor 
de are examined and the choice of ma- 
ials, impurity distributions, and fabrica- 
mn techniques are discussed. A new diode 
apsulation intended for direct mounting 
icrostrip transmission lines is described. 
_ equivalent circuit characterization, in 
lich the parameters may be directly re- 
I to the diode structure, and several 


hniques for the measurement of these 
[a are discussed. 


ametric Phase-Locked Oscillator—Char- 
eristics and Applications to Digital Sys- 
s, by L. S. Onyshkevych, W. F. Koson- 
ky, and A. W. Lo (RCA Labs.); IRE 
ANS. ON ELECTRONIC COMPUTERS, vol. 
'-8, pp. 277-286; September, 1959. 
The behavior and possible computer ap- 
it of the variable-capacitance para- 
tric phase-locked oscillator (PLO), which 
srates readily at kilomegacycle frequen- 
s, are discussed. The steady-state behav- 
of the device is described; variation of 
> output voltage with pump voltage, 
ding, tuning and frequency variations 
» presented in the form of characteristic 
-ves. Results indicate that the device is 
her insensitive to reasonable changes in 
erating conditions and parameter values. 
e transient behavior of the PLO shows 
it the device can be switched in a number 
different ways. Five such modes of opera- 
n are discussed: phase initiation, forced 
itching, burst generation, tri-stable opera- 
n, and unconditional switching. Each of 
se modes has particular advantages for 
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various applications. Switching times of the 
order of 3 to 10 cycles of the signal fre- 
quency are readily obtainable. The various 
modes of operation of the device suggest a 
number of applications both in logic and in 
memory. To illustrate the versatility of the 
device, a random access memory is de- 
scribed as an example. 


565 
BIAX High Speed Magnetic Computer Ele- 
ment, by C. L. Wanlass and S. D. Wanlass 
(Ford Motor Co.); 1959 IRE WESCON 
CONVENTION RECORD, pt. 4, pp. 40-54. 
BIAX digital computer memory and 
logic elements are described. These elements 
are multi-aperture ferrite devices which uti- 
lize flux interference rather than the more 
conventional technique of flux steering. 
The hysteresis characteristics of the mate- 
rial are not critical and the devices operate 
over a wide range of temperature and at a 
higher speed than other magnetic devices. 
The BIAX memory element permits non- 
destructive readout. 


566 

Megacycle Magnetic ROD Logic, by D. A. 
Meier, B. A. Kaufman, and D. W. Rork 
(Natl. Cash Register Co.); 1959 IRE 
WESCON CONVENTION RECORD, pt. 4, pp. 
27-31. 

The application of the magnetic ROD in 
performing the logical switching functions 
necessary in a digital system is described. 
In the inhibit mode, the ROD is shown to 
be the electrical equivalent of the toroidal 
type magnetic core. The use of a sine wave 
clock is a particular feature of this tech- 
nique which simplifies the distribution and 
phasing problems in a large system. Two- 
megacycle logical switching is described 
with a discussion of design and system ap- 
plications. 


567 

Theory of a Fast-Switching Electron-Beam 
Frequency Divider, by N. M. Kroll and I. 
Palocz (IBM Watson Lab. at Columbia 
Univ.); IBM J. Res. & Dev., vol. 3, pp. 345— 
354; October, 1959. 

A velocity-modulated electron-beam mi- 
crowave tube which can be operated as a 
frequency divider is described. Its operation 
is analyzed in terms of velocity-modulation 
bunching theory, neglecting space-charge 
forces. Because of the existence of two stable 
states opposite in phase, such a divider can 
be advantageously employed in a microwave 
logical system. The transient behavior of 
the device is discussed, particularly with 
reference to the time required to switch the 
device from one of its stable states to the 
other. Factors involved in the minimization 
of this time interval are analyzed. 


568 

Evaporated Films and Digital Computers, 
by D. W. Moore (Servomechanisms, Inc.) ; 
1959 IRE WESCON ConvENTION RECORD, 
pt. 4, pp. 32-39. 

The use of evaporated conductive, di- 
electric, and magnetic films in the construc- 
tion of digital computer circuitry is dis- 
cussed. The equipment necessary to carry 
out the evaporation processes is briefly de- 
scribed, the electron bombardment evapora- 
tion technique being stressed. Thin films re- 
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sult in a saving of space and in increased 
reliability. The various approaches to micro- 
circuitry are described and an example of the 
use of the magnetic domain interaction 
phenomena in memory and logic equipment 
is presented. 


569 

A Glow Counting Tube Read-Out Tech- 
nique and its Application, by S. K. Chao 
(Sylvania Elec. Products, Inc.); IRE Trans. 
ON ELECTRONIC COMPUTERS, vol. EC-8, pp. 
317-320; September, 1959. 

A technique whereby the content of a 
cold cathode counting or decade glow trans- 
fer tube is recognized and read out through 
a carrier signal applied to the anode and 10 
detectors connected to the 10 cathodes is 
described. The readout is of the nondestruc- 
tive type since it does not alter the content of 
the tube. A large number of glow tubes can 
be conveniently read out in this manner 
simply by connecting all corresponding 
cathodes together. The carrier signal is then 
successively distributed to their anodes. An 
example of such an application in which 19 
channels of four glow tubes each are read 
into an IBM card punch is given. 
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570 

The Research and Development of the 
Magnacard System, by A. M. Nelson (Mag- 
navox Co.); U. S. Gov. Res. Repts., vol. 32, 
p. 359(A), September 11, 1959; PB 151 828 
(order from OTS $3.00). 

Methods for the high-speed handling of 
magnetic cards including all the necessary 
functions to permit automatic sorting, merg- 
ing, selecting, filing, reading, and writing are 
discussed. A special magnetic card was de- 
veloped to provide a reliable unit document 
record. The techniques developed utilized 
pneumatic means extensively, including 
vacuum drums to transport magnetic cards 
at 300 inches per second and high-speed 
electrodynamic air tubes for the selective 
transfer operations that formed the basis of 
card sorting and selection functions. Card 
feed control was also accomplished pneu- 
matically, and reversible stations capable 
of either feeding or stacking cards were de- 
vised. Reading and writing of information to 
provide storage of up to 1000 decimal char- 
acters on cards 1 inch X 3 inches was ac- 
complished. 


571 

Transistor Circuit Technique for a Core 
Memory with 500 Millimicrosecond Cycle 
Time, by V. J. Sferrino (M.I.T. Lincoln 
Lab.); 1959 IRE WESCON ConvENTION 
RECORD, pt. 4, pp. 3-15. 

The “impulse switching mode” of driving 
ferrite memory cores is discussed. The 
method utilizes current pulses having large 
peak amplitudes and very short duration to 
overdrive the core and to “partially switch” 
the core, respectively. The technique re- 
duces the switching and read-write cycle 
times of the ferrite memory cores by an or- 
der of magnitude or more over those ob- 
tained for the normal mode of drive. A tran- 
sistorized memory which utilizes impulse 
switching techniques consists of 1040 words 
of 80-bit length is described. It is organized 
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as a linear selection, sequential access 
memory with a read-write cycle time of 500 
millimicroseconds and a sequential word 
address time of less than 1 microsecond. The 
system provides access to almost 100 million 
bits per second. A drive circuit which uti- 
lizes two four-layer p-n-p-n diodes to gener- 
ate the high current, short duration pulses 
necessary to drive the cores is described. The 
design of the sensing, logic, and additional 
drive circuitry for the system is also dis- 
cussed. 


572 

Coincident-Current Magnetic Memory Unit, 
by W. N. Papain (M.I.T.); U.S. Gov. Res. 
Repts., vol. 32, p. 229(A), August 14, 1959; 
PB 140 843 (order from LC mi $4.80, ph 
$13.80). 

Operation of a small, toroidal, ferromag- 
netic core whose B-H characteristic is prop- 
erly “rectangular” in shape so that its flux 
polarity reverses only when the right com- 
bination of two or three magnetizing coils 
are coincidentally excited is discussed. The 
core may be used as a coincident-current 
binary memory device which might be as- 
sembled, with many others, into a two- or 
three-dimensional memory system. Selec- 
tion within such a system would be accom- 
plished by means of physical-line switching 
along the two or three space coordinates. 


573 

High-Speed, High-Capacity Photographic 
Memory, by C. A. Lovell (Bell Tel. Labs. 
Inc.); Proc. Eastern Joint Computer Conf., 
pp. 34-38; December 3-5, 1958. 

A high-speed, high-capacity flying spot 
photographic permanent memory of 10 
million bit capacity and 5-ysec random ac- 
cess time is described. Reading and writing 
is achieved by servopositioning a light beam 
obtained from a cathode ray tube. One plate 
of a (256)?-word memory covers a 64 X6t 
inch area. Possible applications are in ma- 
chine language translation, solution of log- 
ical problems, table look-ups, and storage of 
subroutine libraries. 


574 

ORACLE Curve Plotter, by C. T. Fike (Oak 
Ridge Natl. Lab.); Commun. Assoc. for 
Computing Mach., vol. 2, pp. 38-39; October, 
1959. 

ORACLE, a cathode ray tube curve and 
character plotter, is briefly described. Reso- 
lution is sufficiently fine to permit the use of 
both upper and lower case characters. The 
1024 1024 grid is divided into an array of 
smaller rectangles, each point in which is 
correlated with a bit in a binary word. A 
0 bit indicates that the corresponding point 
is not to be brightened, a 1 bit that it is. 


575 
Converter, Analog-to-Digital, Digital-to- 
Analog, CV-710/U, (Packard-Bell Computer 
Corp.); U. S. Gov. Res. Repts., vol. 32, p. 
360(A), September 11, 1959; PB 140 851 
(order from LC mi $3.90, ph $10.80) .1 

A device which receives a voltage input 
and generates a proportional binary number 
as an output is described. There is an incre- 
ment, a decrement, or no change in the 
digital number as the input varies. The 
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changes are also available as output. A re- 
verse mode of operation receives a serial 
binary number as an input and generates a 
proportional voltage as an output. 


576 © 

Bufferin’ is Aspirin for EDP Headaches, by 
E. Jacobi (Litton Industries); Computers 
and Automation, vol. 8, pp. 30-32; Septem- 
ber, 1959. 

The operation of an all-transistorized 
core buffer capable of operating at frequen- 
cies up to 100 kc (10 usec per character) is 
described. Various applications, such as 
magnetic tape to paper tape conversion, se- 
ries-to-parallel conversion, and high-speed 
printing are outlined. 


Si 

A Versatile Character Generator with Digi- 
tal Input, by E. D. Jones (Stanford Res. 
Inst.); 1959 IRE WESCON CONVENTION 
RECORD, pt. 4, pp. 16-20. 

A device which will generate alpha-nu- 
meric characters and symbols from six-wire 
parallel binary character-sequential input 
information is described. The character 
generation is accomplished in a monoscope 
tube containing an aluminum target on 
which all of the characters and symbols are 
printed in an 8X8 matrix. A small raster 
sufficient in size to cover one character is 
generated. The raster is deflected to the de- 
sired character by the decoded digital input 
signal. The video waveform present at the 
monoscope target, when used to intensity 
modulate a synchronously-swept CRT dis- 
play device, writes the character on the face 
of the tube. This signal may also be em- 
ployed to drive certain types of hard copy 
printers. Additional deflection potentials are 
used to position the character in the desired 
display format. Simple and reliable semi- 
conductor circuitry for accomplishing the 
required indexing and scanning functions are 


described. 


578 

Character Display System for Use as Digital 
Computer Output, by P. V. S. Rao (Tata 
Inst. of Fundamental Res., Bombay, India); 
Rev. Sct. Instr., vol. 30, pp. 749-750; August 
1959. 

A system in which the output of a digital 
computer is displayed as an arbitrary char- 
acter on a memotron tube is described. Two 
sequences of pulses, each consisting of 16 
pulses equally spaced in time, each either 
positive or negative, and all of equal mag- 


nitude, are applied to X and VY counters. | 


Each pulse either increases or decreases the 
contents of the counters by one. The digital 
data in each counter is then converted to 
analog data which is applied to the deflec- 
tion plates of the tube. Eight types of basic 
lines are traced on the screen and the char- 
acters are built out of these basic lines by 
continuously tracing them one after another 
in the proper sequence. The method for ob- 
taining the pulse sequences is described. 
Typical characters are shown. Some advan- 
tages of the system are: a) it does not involve 
any critical and complicated adjustments, 
b) the shape of characters can be easily 
changed, c) the operation of the system is 
mainly digital, and d) the character is writ- 
ten as a continuous trace. 


M an 


579 

Burroughs Truth Function Evaluator, by \ 
Miehle (Univ. of Pennsylvania); J. Assi 
for Computing Mach., vol. 4, pp. 189- 16 
April, 1957. 

A relay truth function evaluator capak 
of evaluating all the logical combinatio 
of up to 10 variables is described. The fur 
tion must be written in the parenthesis-fr: 
notation of Lukasiewicz, as this notati: 
has been found convenient to mechani 
It is possible to evaluate a tautology 
length 98 and rank 6 in 10 variables in 
hours. The device is particularly valuable f 
testing the equivalence of simplifications 
a formula to its original form. 


580 
An Error Correcting Encoder and Decdh 
for Phone Line Data, by K. E. Perry (M.L,) 
Lincoln Lab.); 1959 IRE WESCON Co 
VENTION RECORD, pt. 4, pp. 21-26. 2 

Following a brief discussion of the Ree’ 
Muller error detecting and correcting cog 
the block diagrams for an encoder and a ¢ 
coder which can be used with this code a 
described. The equipment can encode a 6 
bit word into a 128-bit word and correct 
to seven errors per word. It is also possik, 
to encode binary sequences thousands ; 
bits in length. 


) 


581 
Electronic Probability Generator, by G. } 
White (G. E. Res. Lab.); Rev. Sci. Tug 
vol. 30, pp. 825-829; September, 1959. 
Anelectronic probability generator, EF 
which can be used to study nonstationa 
random processes is described. The EPI c 
electronically “flip” a coin at a maximu 
rate of 500 times/second. The probability 
heads of this electronic coin can be vari 
from 0 to 1 and isa linear function of thei 
put voltage. Graphs which illustrate t¢. 
ability of EPI to generate independe 
events are presented. EPI can also be us 
to generate sequences of heads and ta 
controlled by higher order probabilitie 
The only additional equipment required 
an electronic switch. 
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Decimal-Binary Conversions in CORDI 
by D. H. Daggett (Convair); IRE Trax 
ON ELECTRONIC Computers, vol. EC-8, f 
335-339; September, 1959. 

A special-purpose, binary comput 
called CORDIC (COordinate Rotation DI; 
tal Computer) which contains a uniq 
arithmetic unit composed of three sh 
registers, three adder-subtractors, and su 
able interconnections for efficiently perfor: 
ing calculations involving trigonomet 
functions is described. A technique for 1 
ing the CORDIC arithmetic unit to conv 
between angles expressed in degrees a 
minutes in the 8, 4, 2, 1 code and angles « 
pressed in binary fractions of a half revo 
tion is formulated. Decimal-to-binary c« 
version is accomplished through the gene 
tion of an intermediate binary code in wh: 
the variable values are +1 and —1. Each 
these intermediate code variables contr 
the addition or subtraction of a particu 
binary constant in the formation of an. 


jnulated sum which represents the angle. 
mples are presented to illustrate the 
(nnique. Binary-to-decimal conversion is 
niplished by applying essentially the 
e conversion steps in reverse order. Fun- 
nental principles of the conversion tech- 
jue, rather than details of implementa- 
in, are emphasized. The CORDIC conver- 
technique is sufficiently general to be 
lied to decimal-binary conversion prob- 
4is involving other mixed radix systems 
fl other decimal codes. (See also Abstract 
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Space Card: A Two-Dimensional Func- 
Generator, by C. M. Jones and G. Har- 


». Res. Repts., vol. 32, p. 227(A), August 
1959; PB151 524 (order from OTS $0.75) .1 
| The space card, a printed-circuit card 
ered with a thin even film of hard resis- 
e material, is discussed. A predetermined 
metric electric field results when the card 
‘lectrically excited at several points. When 
> magnitude of the electric field is made a 
ction of its physical position, the func- 
in is two-dimensional and can be read out 
| positioning a brush contact on the card. 
e technique is especially applicable to 
o-dimensional analog function generation 
‘analog computation. The physical and 
ctrical characteristics of the space card, 
-thods of construction, theory of excita- 
n, life-testing, and its advantages and 
sadvantages are described. Accuracies to 
_ per cent, long life, and stable operation 
ive been achieved. 


1e Design of Position and Velocity Servos 
- Multiplying and Function Generation, 
| E. O. Gilbert (Univ. of Michigan); 
LE TRANS. ON ELECTRONIC COMPUTERS, 
ll. EC-8, pp. 391-399; September, 1959. 
The design of position and velocity ser- 
is used in analog computation and simula- 
on for multiplying and function generation 
considered. The important characteristics 
potentiometers, gear train, motor, ampli- 
r, and tachometer are defined and dis- 
ssed. Nonlinear performance  require- 
ants, such as velocity and acceleration 
nits, overshoot for large step inputs, and 
1tic resolution, are defined in terms of com- 
nent parameters. A minimum gear reduc- 
yn ratio is determined on the basis of ac- 
leration, frictional torque ratio, overshoot 
- large step inputs, or static resolution. 
near system analysis is made and related 
system components and nonlinear per- 
‘mance; in particular, it is shown that 
tic resolution is limited by servo-amplifier 
ndwidth for given motor, potentiometers, 
d gear train. The selection of damping 
thods and the reduction of steady-state 
ors is described. A specific design is con- 
ered as an example. 


) 
[ransistorized Four-Quadrant Time-Divi- 
n Multiplier with an Accuracy of 0.1 Per 
nt, by H. Schmid (Link Aviation, ines) )s 
E TRANS. ON ELECTRONIC COMPUTERS, 
|. EC-7, pp. 41-47; March, 1958. 
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A four-quadrant transistorized time divi- 
sion analog multiplier with an over-all ac- 
curacy of better than 0.1 per cent of full 
scale is described. The operation of the cir- 
cuit is independent of the transistor char- 
acteristics, requires no complicated balanc- 
ing arrangements, exhibits excellent stabil- 
ity, and uses simple, noncritical circuitry. 
The output voltage is normalized to the 
same range, between +10 volts as the input 
voltages. The static performance is excel- 
lent. A dynamic upper limit of 15 ke is ob- 
tained. 


B-1: SYSTEMS—THEORETICAL 
DESIGN 


586 
A Comparison of Machine Organizations by 
Their Performance of the Iterative Solution 
of Linear Equations, by E. J. Gauss (Univ. 
of California); J. Assoc. for Computing 
Mach., vol. 6, pp. 476-485; October, 1959. 
Different methods of machine organiza- 
tion are compared by testing their perform- 
ance on a typical problem (matrix inversion 
by the method of Kaczmarz—a variant of 
the gradient family of methods). For the 
purposes of comparison, arithmetic and 
memory performance are assumed identical. 
An efficiency scale inversely proportional to 
the time of solution is devised. With a single 
address machine assigned the number 1.0, 
the following numbers are obtained: four- 
address, 1.25; single-address with index 
registers, 2.5; complex organization found in 
the University of Illinois’ proposed machine, 
9. This machine, with a small ultra-fast mem- 
ory capable of storing up to 16 commands, 
and equipped with look-ahead and index 
facilities, is control-organized to the degree 
that operation is arithmetic- rather than 
memory-limited. 


587 

Some Aspects of the Logical and Circuit De- 
sign of a Digital Field Computer, by I. F. 
Brown (Ferranti Ltd.) and B. Meltzer 
(Univ. of Edinburgh); Electronic Engrg., 
vol. 31, pp. 590-592; October, 1959. 

The principles of a new type of digital 
computer for the solution of field problems 
are described. By making the calculations 
at all the lattice points of the field simul- 
taneously, computation time is greatly re- 
duced. A unitary (abacus) rather than binary 
or decimal arithmetic is used. The computa- 
tion is done by lattice units, one associated 
with each lattice point of the field. The syn- 
thesis of lattice units from simpler basic 
units is described. The experimental design 
of a basic unit suitable for potential and 
other problems is presented and some prob- 
lems associated with the computer are 
briefly discussed. 


588 
Optical Analog Computers, by B. J. Howell 
(Sperry Rand Corp.); J. Opt. Soc. Amer., 
vol. 49, pp. 1012-1021; October, 1959. 
Certain applications of optical devices in 
digital computers are described and a gen- 
eral theory of optical analog computers is 
developed. Certain characteristics of the 
photographic process make it possible to per- 
form mathematical operations with photo- 
sensitive materials, as well as with photo- 
cells. These characteristics are: 1) the modu- 
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lation of light intensities by optically dense 
films; 2) the addition of densities of super- 
imposed layers; 3) the multiplication of 
transparencies of superimposed layers; 4) 
the ability of the photographic emulsion to 
integrate exposures occurring throughout 
time or from several sources. Examples of 
optical methods of calculation are described 
and the construction of an optical analog 
computer for synthesizing the two-dimen- 
sional Fourier transform of a function for 
use in crystal structure determination is 
described. A new machine giving immediate 
presentation of the results of two-dimen- 
sional Fourier transforms is proposed. 


B-2: SYSTEMS—DESCRIPTIONS 


589 

The Univac Air Lines Reservations System: 
A Special-Purpose Application of a General- 
Purpose Computer, by D. K. Sampson 
(Telex, Inc.), V. E. Herzfeld (Remington 
Rand Univac), and C. W. Fritze (Monarch 
Electronics Co.); Proc. Eastern Joint Com- 
puter Conf., pp. 152-156; December 3-5, 
1958. 

The application of a Univac File Com- 
puter to an airlines reservation system is de- 
scribed. The system services 135 agents with 
a response time of 1 second for local and 10 
seconds for distant inquiries. The problems 
of message errors, queuing analysis, system 
expansion, and memory requirements are 
discussed. Systems servicing up to 1200 
agent sets with full-duplex telegraphic com- 
munication and no increase in response 
times are envisaged. 


590 

The Ferranti-Perseus Data-Processing Sys- 
tem, by P. M. Hunt (Ferranti Ltd.); Com- 
puter J., vol. 2, pp. 68-75; July, 1959. 

The Ferranti-Perseus Data-Processing 
System, designed specifically for large-scale 
data handling operations, is described in de- 
tail. The memory consists of sixteen word 
nickel delay lines, each word comprising 72 
bits, divided into 12 alpha-numerical char- 
acters of 6 bits each. Special features of the 
machine are the mixed radix arithmetic (par- 
ticularly suitable for calculations in sterling) 
and elaborate checking. In addition to the 
usual parity-bit checking, all arithmetic 
operations are monitored by a system of 
check adders. The machine is comparatively 
slow, with a word time of 234 usec. 


591 

PILOT, The NBS Multicomputer System, by 
A. L. Leiner, W. A. Notz, J. O. Smith, and 
A. Weinberger (Natl. Bur. of Standards); 
Proc. Eastern Joint Computer Conf., pp. 71- 
75; December 3-5, 1958. 

The general design features of PILOT, 
the NBS system of three integrated com- 
puters, are described. The primary com- 
puter, with special parallel high-speed arith- 
metic circuits, performs most of the control 
and arithmetical functions; the secondary 
computer controls all “housekeeping” opera- 
tions such as indexing and instruction modi- 
fication, while the third computer monitors 
all editing requirements. The computers 
may modify each others’ data and instruc- 
tions, resulting in a very fast and flexible 
general purpose system. 
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592 

Design of the RCA 501 System, by J. G. 
Smith and T. M. Hurewitz (RCA); Proc. 
Eastern Joint Computer Conf., pp. 160-164; 
December 3-5, 1958. 

The basic features of the RCA all-tran- 
sistorized 501 Computing System are enu- 
merated. Extremely high reliability results 
from the standardized solid-state circuits. 
Failure rates of as low as one transistor fail- 
ure per 1000 hours of system are claimed. 
Fast storage is variable word-length mag- 
netic core with a cycle time of 15 usec, 
backed by a random access drum file and up 
to 63 tape units. 


593 
DART Project, by L. P. Meissner and E. O. 
Codier (Naval Ordnance Lab.); U. S. Gov. 
Res. Repts., vol. 32, p. 360(A), September 
11,1959; PB 151 773 (order from OTS $1.50) 1 
DART (Differential Analyzer, Real 
Time), a computing system that possesses 
the inherent speed of an analog computer 
and the basic accuracy of a digital computer, 
is discussed. Information in two forms, 
pulse-trains and sets of “static” gating volt- 
ages, is processed by a number of digital 
computing elements of different types which 
are interconnected in the manner of analog 
computing elements in order to solve a set 
of differential equations. The system is de- 
scribed from a mathematical viewpoint, and 
the construction of the hardware is explained 
in detail. Some comments concerning inher- 
ent errors are made and improvements for 
future development are suggested. 


594 

The CORDIC Trigonometric Computing 
Technique, by J. E. Volder (Convair); IRE 
TRANS. ON ELECTRONIC COMPUTERS, vol. 
EC-8, pp. 330-334; September, 1959. 

The trigonometric computing  tech- 
nique utilized in the COordinate Rotation 
Digital Computer (CORDIC), a special- 
purpose digital computer for real-time air- 
borne computation, is discussed. This tech- 
nique is especially suitable for solving the 
trigonometric relationships involved in plane 
coordinate rotation and conversion from 
rectangular to polar coordinates. CORDIC 
is an entire-transfer computer; it contains a 
special serial arithmetic unit consisting of 
three shift registers, three adder-subtrac- 
tors, and special interconnections. This spe- 
cial unit is also suitable for other computa- 
tions such as multiplication, division, and 
the conversion between binary and mixed 
radix number systems. (See also Abstract 
583.) 


595 

The Siemens Digital Computer 2002, by 
H. W. Gumin (Siemens and Halske AG); 
Proc. Eastern Joint Computer Conf., pp. 
157-160; December 3-5, 1958. 

The characteristics and construction of 
the Siemens Digital Computer 2002 are dis- 
cussed. The transistorized computer is a 
general purpose decimal machine with a 
word length of 12 decimals plus sign and an 
average speed of 2000 operations per sec- 
ond. Special features include three index 
registers, the use of the instruction location 
counter for address modifications, auto- 
matic address substitution, and fixed- and 
floating-point operations. The 2002 has a 


IRE TRANSACTIONS ON ELECTRONIC COMPUTERS 


transistor-driven magnetic core memory of 
variable size (units of 1000, 2500, 5000, 
and 10,000 words) and a magnetic drum 
memory with a capacity of 10,000 words. 
Input and output data are handled by means 
of punched paper tape and punched cards. 
Considerable expansion by magnetic tape 
equipment is possible. 


596 

The Universal Electronic Digital Machine 
(URAL) for Engineering Research, by Iu. la. 
Bazilevskii, translated by C. D. Benster 
(Electrodata Corp.); J. Assoc. for Comput- 
ing Mach., vol. 4, pp. 511-519; October, 
1957. 

A general description of the Russian com- 
puting machine URAL is given. The ma- 
chine has 1024 words of drum memory 
backed by a 40,000-word tape memory and 
a basic timing of 6000 operations per min- 
ute. Operations are single-address and the 
word length is 36 bits. Arithmetic is done in 
semiparallel fashion and is comparatively 
slow (10 msec for addition). The computer 
is intended primarily for scientific and engi- 
neering problems. 


597 

LEM-1, Small Size General Purpose Digital 
Computer Using Magnetic (Ferrite Ele- 
ments), by U. A. Machmudoy (A. S. Popov 
Tech. Soc. of Radio Engrg. and Telecom- 
munications, Moscow), translated by E. M. 
Zaitzeff (Bendix Syst. Div.); Commun. 
Assoc. for Computing Mach., vol. 2, pp. 3-9; 
October, 1959. 

The development and construction of 
LEM-1, a small-scale Russian computer us- 
ing magnetic core logic and capacitative 
memory, is described. A section of fast mem- 
ory attached to the arithmetic unit (which 
operates in serial-parallel fashion) enables 
intermediate results to be stored without 
frequent recourse to the general purpose 
memory. Reliable operation at tempera- 
tures up to 70° C is reported. 


598 

The High Speed Electronic Calculating Ma- 
chine of the Academy of Sciences of the 
U.S.S.R., by Acad. S. A. Lebedev, trans- 
lated by C. D. Benster (Electrodata Corp.); 
J. Assoc. for Computing Mach., vol. 3, pp. 
129-133; July, 1956. 

A general description of the best known 
Russian computing machine, B.E.S.M., is 
given. The operative memory is a 1023- 
word cathode-ray tube memory, backed by 
a drum and tapes. Instructions are three- 
address with an average rate of 7000 to 
8000 operations per second. Arithmetic, all 
done in one universal unit, is floating point. 
Input-output devices are comparatively 
slow as the computer is intended primarily 
for mathematical and scientific computa- 
tions. 


599 
The Parametron Digital Computer MUSA- 
SINO-1, by S. Muroga and K. Takashima 
(Nippon Teleg. and Tele. Public Corp.); 
IRE TRANS. ON ELECTRONIC COMPUTERS, 
vol. EC-8, pp. 308-316; September, 1959. 
Features of MUSASINO-1, a large-scale 
digital computer with novel logical ele- 
ments, the parametrons, are described. Pri- 
marily designed for scientific use, it does 
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arithmetic operations in parallel, and has ’ 
fast access memory of ferrite cores wit’ 
nonrectangular hysteresis curves. The ma} 
chine has been in almost continuous opera| 
tion since the spring of 1957 and mainte) 
nance experience has indicated that it hasa/| 
extreme degree of stability and a low inci) 
dence of faults. 4 


600 | 
System Organization of a Multiple-Cockpi) 
Digital Operational Flight Trainer, by H. ], 
Gray, Jr.and A. L. Vivatson (Univ. of Penn, 
sylvania), and H. H. Nishino (RCA); IR}) 
TRANS. ON ELECTRONIC COMPUTERS, vO. 
EC-8, pp. 326-330; September, 1959. 1 

The system organization of a digital com 
puter, the purpose of which is to activat 
simultaneously more than one cockpit of aj 
operational flight trainer, is described. Th 
simulated aircraft are assumed to be all a) 
the same type, but each is simulated inde 


pendently. The computer is mot the theo 


and represents an application of the theor 
of multiple computers, since there are sev 
eral different kinds of memories and | 


than one arithmetic unit in the system. 


i 


B-4: SYSTEMS—TESTING 
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The Athena Computer, A Reliability Report 
by L. W. Reid and G. A. Raymond (Rem 
ington Rand Univac); Proc. Eastern Join 
Computer Conf., pp. 20-24; December 3-5 
1958. 

The high performance reliability whicl 
has been achieved in the Remington Ranc 
Univac Athena Guidance Computer is dis 
cussed. The Athena computer is a large 
scale general-purpose transistorized digita 
computer which is part of the Radio Inertia 
Guidance System for the Titan missile 
Three Athena computers have been oper 
ated for 6361 hours with only 27 failures 
This high reliability results in an unusua 
maintenance problem in that service people 
have little opportunity to obtain mainte 
nance experience. To overcome this difficulty 
chassis which are similar to those in the com- 
puter and in which troubles can be simu: 
lated are now used on a regular basis at eack 
operational site. The nature of the failure: 
which have occurred and the design philos. 
ophy for a reliable computer are discussed 


C-2: AUTOMATA—ARTIFICIAL 


602 

Imitation of Pattern Recognition and Trial- 
and-Error Learning in a Conditional Prob: 
ability Computer, by A. M. Uttley (Natl 
Physical Lab., England); Rev. Mod. Phys. 
vol. 31, pp. 546-548; April, 1959. 

The principle of a system developed a 
the National Physical Laboratory which cat 
“recognize” patterns and “learn” by tria 
and error is described. It is pointed out tha’ 
in order for a machine to simulate pattert 
recognition and learning, it must be able to 
a) distinguish sets of signals through the us 
of coincidence counting; b) recognize tim 
patterns by use of delay circuits; c) coun 
occurrences of signals and sets of signals 
d) store information regarding past occur 
rences, at least for a certain length of time 


e) calculate ratios to determine relative 
tes of units with stored counts of occur- 
ces. 


the Mechanical Simulation of Habit- 
ing and Learning, by S. Gorn (Univ. 
|Pennsylvania); Infor. and Control, vol. 2, 
. 226-259; September, 1959. 

Digital techniques for the simulation of 
it-forming and learning are discussed. 
‘pes of simulation mechanisms are classi- 
d and types of habit-forming and learning 
| be simulated are discussed, attention be- 
* focussed upon reinforcement. The lan- 
age of computer programming is used to 
fcribe the flow of control and the language 
‘mathematical probability is used to an- 
yze the effect of various reinforcement 
ictions on the asymptotic behavior of 
fnulating programs. It is shown, also, in 
bgramming terms, how the “delay random 
ector” part of the simulating process may 
“factored out” as a separate unit appli- 
le either to habit-forming or learning, 
ich latter are distinguished by whether 
reinforcements are applied immediately 
‘upon “comparison with a goal.” Several 
nforcement models are considered. 

| 


astic Neurons as Memory Elements, 
+ D. G. Willis (Lockheed Aircraft Corp.); 
59 IRE WESCON CoNVENTION RECORD, 
. 4, pp. 55-65. 
- Studies of the logical elements, neurons, 
-the human brain carried out in order to 
mstruct machines capable of “pattern 
Sognition” or “learning” are discussed. A 
ass of plastic neuron models is defined, 
jeir information storage capacity is deter- 
ined, and the mechanism by which informa- 
n can be read into and out of a system of 
ich neurons on a random access basis is de- 
ribed. The read-in-read-out properties of a 
istem of 288 plastic neurons has been simu- 
ted on a digital computer. An expression 
the output of a plastic neuron as a func- 
: of its previous history is derived. 


_D-1: PROGRAMS—AUTOMATIC 
| PROGRAMMING, DIGITAL 
| COMPUTERS 


5 

Algebraic Translator, by H. Kanner 
Iniv. of Chicago); Commun. Assoc. for 
omputing Mach., vol. 2, pp. 19-22; October, 
59. 

An algebraic translator similar to that 
-oposed by Wegstein [abstract 318] is de- 
ribed. Provision is made for all the com- 
on algebraic manipulations. Exponentia- 
on, multiplication and addition are per- 
rmed in the stated order, except where 
herwise dictated by parenthesis, and a 
‘stematic flow-chart notation is developed. 
he translator is in standard 3-address 
rm. Further syntactic manipulation is re- 
lired for computers of differing address 
ructure. 


5 

ALE, A Simple Algebraic Language for En- 
neers, by W. R. Brittenham, G. Kuss and 
. Thompson (A. O. Smith Corp.) ; Commun. 
ssoc. for Computing Mach., vol. 2, pp. 22- 
/; October, 1959. 
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A specialized automatic coding system, 
tailored to small problems, which fulfills the 
requirements of simplicity, minimal com- 
puter conversion time, and immediate avail- 
ability of printed results is described. Fast 
assembly time is achieved by the sharing of 
memory by the compiler and the compiled 
program. The object program uses very high 
precision fixed point arithmetic, partly to 
avoid scaling problems and partly to pro- 
vide analysis facilities for larger programs. 


607 

Proposal for a Feasible Programming Sys- 
tem, by P. R. Bagley (M.1.T. Lincoln Lab.); 
Commun. Assoc. for Computing Mach., vol. 
2, pp. 7-10; August, 1959. 

The development of a programming facil- 
ity, itself involving a computer and a pro- 
gram, to assist in the preparation of large- 
scale real-time programs is outlined. The 
facility, which will be capable of preparing 
programs for a large class of machines of 
similar characteristics, will stress the dis- 
covery of errors in source programs, rules 
of procedure or flow diagrams before the 
construction of an object program is at- 
tempted. A program interrupt scheme, a 
large set of print-out characters, large ran- 
dom-access storage, and indirect addressing, 
are among the computer characteristics ad- 
vocated. 


608 

IBM 709 Tape Matrix Compiler, by S. D. 
Hornick (Douglas Aircraft Co.); Commun. 
Assoc. for Computing Mach., vol. 2, pp. 31- 
32; September, 1959. 

A tape compiler that does all the neces- 
sary bookkeeping for the commoner matrix 
operations is described. The matrices to be 
operated on are numbered and details of 
operation on and location of the matrices on 
tape are entered on punched cards. ‘The pro- 
gram from this point is completely under the 
control of the compiler. Systems of up to 50 
equations can be handled. Operations avail- 
able include add, subtract, multiply, trans- 
pose, invert, and scalar multiplication and 
division. 


609 

A Translation Routine for the DEUCE 
Computer, by R. C. Brigham and C. G. Bell 
(New South Wales Univ. of Tech.); Com- 
puter J., vol. 2, pp. 76-84; July, 1959. 

An instruction translation routine called 
SODA (Symbolic Optimum Deuce Pro- 
gram) for use with the DEUCE computer is 
described. SODA effectively allows DEUCE 
to be considered as a three-address machine. 
Besides incorporating many features pe- 
culiar to the machine, it has many features 
commonly associated with translators such 
as symbolic addressing, index registers, and 
a trace routine. 


610 

Algorithms for Formula Translation, by 
J. P. Cleave (The University, Southamp- 
ton); Computer J., vol. 2, pp. 53-54; July, 
1959. 

An entirely formal method of construct- 
ing a program for the evaluation of an im- 
plicitly defined quantity is considered. The 
formal algebra can be programmed and so 
incorporated in an autocode wherein each 
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step is a line of three-address coding. The 
method can be expanded to certain systems 
of implicit equations and thence to the auto- 
matic solution of ordinary differential equa- 
tions. 


611 
Remarks on ALGOL and Symbol Manipu- 
lation, by J. Green, R. M. Shapiro, F. R. 


‘Helt, Jr.. R. G. Franciotti and E. H. Theil 


(IBM Corp.); Commun. Assoc. for Compu.- 
ing Mach., vol. 2, pp. 25-27; September, 
1959. 

Modifications to the ALGOL language 
suggested by experience gained in con- 
structing an experimental ALGOL processor 
for the IBM 709 are proposed. The modifica- 
tions are intended to clarify certain ambigui- 
ties in the “for,” “if,” and “do” statements. 
Further symbol manipulation additions are 
also considered advantages. 


612 

Intercode, A Simplified Coding System for 
AMOS, by F. J. Berry (British Ministry of 
Supply); Computer J., vol. 2, pp. 55-58; 
July, 1959. 

Intercode, a special purpose autocode 
for the use of a Ferranti Mark I machine 
called AMOS with small scientific-type prob- 
lems, is described. Simple and easy to learn, 
it provides three-address programming for 
an essentially one-address machine. Num- 
bers are stored in floating point, and error 
diagnosis is provided by monitoring the 
progress of the calculation by check-print- 
ing. Subroutines for various mathematical 
functions may be called by putting the num- 
ber corresponding to the function in the A- 
address and its argument in the B-address. 
The value of the function will then be placed 
in the C-address. 


D-2: PROGRAMS—APPLICATIONS, 
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613 
Where Next? Some Conjectures on the 
Future of the Large-Scale Computer in In- 
tegrated Commercial Work, by G. Cuttle 
(Internatl. Computers and Tabulators Ltd.) ; 
Computer J., vol. 2, pp. 85-86; July, 1959. 
Means of eliminating the present day 
plethora of updating and merging opera- 
tions in data-processing and of creating a 
smoother over-all operation are discussed. 
Larger random access memories, parallel 
programming and machine time sharing are 
listed as the likely areas of advancement. 


614 

A Monte Carlo Simulation of a Production 
Planning Problem, by F. I. Musk (Court- 
lands Ltd.); Computer J., vol. 2, pp. 80-94; 
July, 1959. 

A computer program which simulates by 
Monte Carlo techniques the allocation of 
orders to a set of processing machines is de- 
scribed. The necessary pseudo-random num- 
bers are generated by a multiplicative con- 
gruential method. Customer orders from a 
population of known distribution are classi- 
fied by a set of priority rules and the pro- 
gram allocates the orders to give the ma- 
chines the longest possible runs, subject to 
the priority restrictions. The effects of policy 
changes may be calculated in terms of idle 
machine time and delay of completion of 
orders. : 
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615 

An Electronic Directory for Sorting Mail, by 
A. W. Holt (Rabinow Engrg. Co., Inc.); 
Proc. Eastern Joint Computer Conf., pp. 79- 
90; December 3-5, 1958. 

The mechanization of mail sorting is dis- 
cussed. Sorting techniques and the basic 
directory problems associated with the 
automatic sorting of mail are described. 
Directories which utilize magnetic drums or 
other memory systems are described and 
evaluated. 


616 

Automatic Linkage of Vital Records, by 
H. B. Newcombe, J. M. Kennedy, and A. P. 
James (Atomic Energy of Canada Ltd.) and 
S. J. Axford (Dominion Bur. of Statistics, 
Ottawa); Science, vol. 130, pp. 954-959; 
October 16, 1959. 

The use of the Datatron 205 Computer to 
automatically link the records of births 
which occurred in the Canadian province of 
British Columbia during 1955 with the 
records of marriages which took place in the 
province during the period 1946-1955 is dis- 
cussed. To reduce the number of marriage 
records which the computer must compare 
with a birth record, use was made of pairs 
of the parents’ surnames. These names were 
coded (by the computer) in the Russel 
Soundex Code, a phonetic code consisting of 
the first letter of the name followed by three 
numeric digits. The pairing of surnames 
made the record-matching more efficient 
than if only single surnames were used. To 
make a decision the computer also utilizes 
additional data. The logic operation of the 
computer, the reliability of the linkages, and 
the speed of record linkage are discussed. 
The techniques outlined can be applied to 
to record matching operations other than 
marriage and birth records. It is pointed out 
that a computer which can accept alpha- 
betic information will reduce the time neces- 
sary to match records. 


617 

Digital Computer Programs in Electric 
Utilities, by R. W. Long, R. T. Byerly, and 
L. J. Rindt (Westinghouse Electric Corp.) ; 
Electrical Engrg., vol. 78, pp. 912-916; 
September, 1959. 

Recently-developed digital computer 
programs for the solution of electric utility 
problems concerned with load flow, short 
circuit, and transient stability studies and 
with the economic dispatch of system gen- 
eration and the development of power sys- 
tem loss formulas are briefly described. Such 
problems can be solved, on a mail order 
basis, on the IBM 704 computer at Westing- 
house. 


618 
An Application of Digital Computation to a 
Problem of Army Tactics, by J. Brick 
(W. L. Maxson Corp.) ; 1959 IRE WESCON 
CONVENTION RECORD, pt. 5, pp. 8-25. 
The use of digital computers in the plan- 
ning of field artillery fire on the divisional 
level is discussed. The general principles of 
fire planning are given and information flow 
diagrams of the computer operations which 
implement these principles are described. An 
artillery fire planning program which has 
been written for a Bendix G-15 D computer 


IRE TRANSACTIONS ON ELECTRONIC COMPUTERS 


is discussed. It is pointed out that the major 
problems in applying computers to this ap- 
plication are man-machine communication 
and making the computer behave more like 
a human fire planner. 


619 
Non-Symmetric Correlation Matrix Pro- 
gram for the IBM Type 650, by A. Dvorak 
and C. E. Wright (Washington Univ.); 
U. S. Gov. Res. Repts., vol. 32, p. 360(A), 
September 11, 1959; PB 139 636 (order from 
LC mi $1.80, ph. $1.80).1 

A program for the IBM 650 computer 
which will compute nonsymmetric correla- 
tion coefficient matrices up to order 20 by 
40 with the means, standard deviations, and 
variances for all the variables is described. 
All the correlation coefficients are in four 
decimals, the variances in four decimals 
more than the input, and the means and 
standard deviations in three decimals more 
than the input. 


620 

Calculation of Gamma Function to High 
Accuracy, by M. E. Sherry and S. Fulda 
(A.F. Cambridge Res. Center); Math. 
Tables and Other Aids to Computation, vol. 
13, pp. 314-315; October, 1959. 

The calculation, to 35 decimal places, of 
the constants T'(1/3) and I(2/3) on the 
Cambridge Computer is discussed. An inter- 
pretive routine that treats floating-point 
numbers of 37 significant digits was em- 
ployed. Round-off and truncation errors 
were examined at each step in the calcula- 
tion. The final relative error was less than 
+3X10-* in each case. 


621 

A General Analysis of Variance Scheme 
Applicable to a Computer with a Very Large 
Memory, by J. Lieblein (Dept. of the Navy); 
J. Assoc. for Computing Mach., vol. 6, pp. 
469-475; October, 1959. 

An efficient means of computing on a 
high-speed computer with large memory all 
the sums necessary for a complete r-factor 
analysis of variance is described. The input 
data Xi, - - - are assumed stored serially in 
an unbroken sequence. Expressions for the 
addresses of memory locations whose con- 
tents are to be added when summation is 
over particular subscripts are derived, and 
the total number of possible sums and the 
number of sums when there is summation 
over at least one subscript are obtained. 
With the basic sums evaluated, the various 
analyses of variance formulas are easily 
applied. 


622 

Application of a Digital Computer to the 
Zeeman Method in Atomic Spectroscopy, 
by K. L. Vander Shreis (Oak Ridge Natl. 
Lab.); J. Opt. Soc. Amer., vol. 49, pp. 944— 
947; October, 1959. 

The use of high-speed digital computers, 
and in particular the Oracle Computer, in 
the classification of atomic spectra is dis- 
cussed. These computers are useful in this 
application because of their large capacity 
memories. The relative merits of three 
methods for generating possible energy 
levels or differences of energy levels from 
available data are examined. It is concluded 
that the treatment of the observed data in 


| 
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terms of the concept of Zeeman tags is thy 
most useful approach. A specific set of com! 
puter routines designed to do both the com 
putational and book-keeping operations ¢! 
the Zeeman method on the Oracle is de 
scribed. 


623 ( 
A Scientific Application of Digital Com 
puters: The 3-Dimensional Structure of thi 
Protein Myoglobin, by J. C. Kendrey 
(Cavendish Lab., Cambridge); Computer’ 
and Automation, vol. 8, pp. 10-11; Septem: 
ber, 1959. } 

X-ray crystallographic methods of deter 
mining the structure of large protein mole 
cules such as myoglobin and the computa) 
tions required to obtain the correspono 
ing Fourier coefficients are outlined. It ¥ 
pointed out that the use of a smaller mesi: 
and faster computation would provide ; 
more ‘accurate picture and thereby wouk 
make possible a fuller understanding of th 


chemical processes in living cells. 
i 


624 
A General Least-Squares Program for thi 
Refinement of Anisotropic Thermal Pai 
rameters, by W. M. MacIntyre (Univ. o 
Colorado); Acta Crystallographica, vol. 12 
pp. 761-764; October, 1959. | 
A program for the refinement of aniso: 
tropic thermal parameters and atomic co: 
ordinates for any crystal in any space grouy 
on the IBM 704 computer is described. Thi 
program has been written in two comple; 
mentary parts, each of which is an inde 
pendent program. The primary function o| 
the short first program is to calculate the 
scattering factor for each element and each 
plane being considered. The second proj 
gram, which carries out the refinement, i 
designed to be as flexible as possible. It car 
be used simply to calculate structure factors 
Atomic coordinates and thermal parameter! 
may be refined separately or simultaneously: 
Provision is made for excluding the atom 
coordinates and/or the thermal parameter: 
of an atom from the refinement. The fina 
atomic coordinates and thermal parameter: 
are punched automatically on cards i 
further refinement is necessary. To conserve 
machine time, a modified diagonal approxi 
mation is used. | 


625 ’ 
Use of a Digital Computer for the Calculation 
of Aberration Coefficients, by P. W. Force 
(Univ. of Tasmania); J. Opt. Soc. Amer. 
vol. 49, pp. 875-877; September, 1959. 
The design and performance of a pro 
gram for the calculation of aberration co 
efficients of axially symmetrical optical sys 
tems, up to and including the tertiary 
(seventh order) coefficients, on an Englist 
Electric Deuce digital computer are dis 
cussed. The program is based on a comput 
ing scheme developed for a desk calculating 
machine. 


626 
Lens Design by Electronic Digital Compute: 
II, by M. Nunn and C. G. Wynne [Wray 
(Optical) Works Ltd.J; Proc. Phys. Soe. 
vol. 74, pp. 316-329; September, 1959. 
The application of the method of Succes 
sive Linear Approximation at Maximun 
Steps (see Abstract 460) to automatic len 


fsign on a Ferranti Mark 1* electronic 
ital computer is discussed. The program 
described and the results of applying the 
thod to three design problems are given. 


bnerating Strategies for Continuous Sepa- 
tion Process, by E. E. Bernard and P. D. 
jole (Univ. of Leeds); Computer J., vol. 2, 
p. 87-89; July, 1959. 

_ A general method of generating all the 
tinct designs for continuous separation 
jocesses in the chemical industry and evalu- 
ing them for construction and operating 
4sts is described. Mixtures of up to ten dif- 
bent components may be handled. The 
stem avoids the hazards associated with 
.nd methods of either missing possible de- 
bn or creating duplications. The method 
insists in evaluating the number of distinct 
fons of the components of the mixture. 


8 

i Application of a Computer to Wind 
linnel Design, by S. H. Hollingdale and 
|. M. Barritt (Royal Aircraft Establish- 
fent); Computer J., vol. 1, pp. 42-47, 

ril 1958; pp. 64-68, July 1958. 

| Compute solutions of the aerodynamic 
sign and automatic contro! of a large wind 
annel are described. For supersonic flows it 
in be shown that if the wall shape of the 
zzle is assumed unknown, but the flow is 
own on one boundary, the solution of the 
srodynamic equations can proceed in a 
-ogressive manner in both subsonic and 
“personic sections. The equations are trans- 
srmed to avoid the usual singularities at 
{ach One, yielding a set of computed wall 
napes that can be changed smoothly and 
pntinuously over a range of sub- and super- 
pnic operating conditions. 


9 
imulation of Transistor Switching Circuits 
n the IBM 704, by R. J. Domenico (IBM 
iorp.); IRE Trans. oN ELEcTRONIC Com- 
UTERS, vol. EC-6, pp. 242-247; December, 
Silic 

Given the configuration and the equiva- 
‘nt representation of the transistors in a 
witching circuit, a computer program yield- 
1g the performance of the circuit and the 
1ean value of its parameters is described. 
‘he transistor nonlinearity is handled by 
iecewise linearization of an equivalent cir- 
uit. Rules to combine this procedure ef- 
ciently with the matrix manipulation of the 
near external circuitry are provided. The 
1ethod can be extended to combinations of 
asic circuits containing up to ten transis- 
ors. 


30 

alculation of Transient Stability Problems 
ising a High-Speed Digital Computer, by 
;. W. Stagg, A. F. Gabrielle, D. R. Moore, 
nd J. F. Hohenstein (Amer. Elec. Power 
ervice Corp.); Power Apparatus and Sys- 
ms, no. 43 (AIEE Transactions, pt. III, 
ol. 78), pp. 566-574; August, 1959. 

The development and application of an 
BM 704 program for the solution of tran- 
ent stability problems involving both in- 
uction and synchronous machines is de- 
sribed. The stability problems can be 
ylved without the need of a network ana- 
izer for such supplementary measurements 
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as admittance constants, initial machine 
voltage, and slips. The program can repre- 
sent a total of 50 induction and/or syn- 
chronous machines, 200 busses, and 300 
lines and/or transformers, and simulates 
automatically a desired sequence of fault 
conditions and switching operations. Any 
number of machines, including combinations 
of synchronous and induction motors or 
generators, can be represented on any single 
bus. The program provides a tabulation of 
all system and machine voltages, machine 
currents, accelerating torques and slips at 
each time interval and, in addition, plots 
swing curves (slip vs time) of synchronous 
and induction machines for quick analysis 
during the calculations. The nodal iterative 
method for the solution of system voltages 
and currents is combined with Gill’s varia- 
tion of the Runge-Kutta procedure for the 
solution of the differential equations de- 
scribing synchronous and induction machine 
behavior. The nodal method permits the 
identity of the system to be retained, and 
thereby provides access to system voltages 
and currents during transient disturbances. 


631 

Iteration Methods for Digital Load Flow 
Studies, by J. E. Van Ness (Northwestern 
Univ.); Power Apparatus and Systems, 
no. 43 (A TEE Transactions, pt. II, vol. 78), 
pp. 583-588; August, 1959. 

The convergence of the solution of an 
electrical power flow problem solved by 
iteration techniques on a digital computer is 
discussed. Two sets of equations are con- 
sidered, the original set of nonlinear equa- 
tions and variational equations formed from 
the equations for the total differentials of the 
variables. The second set is linear and may 
be handled by any of the methods generally 
used for solving sets of linear equations. The 
solutions of the second set are then used as 
correcting factors in the first set, and by 
proceeding back and forth, a solution is ob- 
tained. Various methods of doing this are 
considered; one method essentially cuts in 
half the number of iterations needed for a 
solution. The use of this method of analysis, 
together with acceleration methods such as 
those suggested by Brown and Tinney, may 
result in even faster convergence of the 
system. 


632 

A Reactor Code for the Narec, by S. Podgor 
and L. A. Beach (Naval Res. Lab.); U.S. 
Gov. Res. Repts., vol. 32, p. 360(A), Septem- 
ber 11, 1959; PB 139 727 (order from LC mi 
$2.40, ph $3.30). 

A few-group, multiregion, one-dimen- 
sional reactor code which has been prepared 
for the Naval Research Laboratory Elec- 
tronic Digital Computer (Narec) is dis- 
cussed. The code applies to slab, cylindrical, 
and spherical geometries. For any geometry 
and material composition, the calculation 
gives a) the multiplication constant, b) the 
spatial flux distribution for each energy 
group, and c) the spatial source distribution. 
Calculations of two critical arrangements of 
the Naval Research Reactor are described. 
Comparison of calculated and experimental 
results indicates that they are within five 
per cent of each other or better. 
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633 
The Solution of Railway Problems on a 
Digital Computer, by A. Gilmour (The Eng- 
lish Electric Co., Ltd.); Computer J., vol. 1, 
pp. 25-28, April 1958; pp. 78-83, July, 1958. 
The analysis and solution of typical rail- 
road problems on the DEUCE calculator 
are described. Engineering and design appli- 
cations include electric motor and rectifier 


‘design, locomotive performance under cer- 


tain restrictions, and power supply loading 
produced by an ac traction network. Exam- 
ples of operational problems include the cal- 
culation of point-to-point running times, the 
preparation of timetables, and linear pro- 
gramming optimization of empty car move- 
ments. 


634 

Computational Aspects of Brain Function, 
by R. G. Bickford (Mayo Clinic and Mayo 
Foundation); IRE Trans. oN MEDICAL 
ELectRonics, vol. ME-6, pp. 164-167; 
September, 1959. 

The application of computers to the 
study of the brain is discussed. The difficul- 
ties involved in this particular application 
are pointed out, viz., the errors introduced 
by the coupling between the organisms and 
the recording instrument or between the 
organism and a transducer; the lack of 
knowledge concerning common __ brain 
rhythms; the difficulty in isolating systems; 
the presentation of data in such a way as to 
prevent proper interpretation; and the need 
for continuous immediate presentation of 
the data. Some systems in which computers 
have been successfully employed are briefly 
described. 


635 

Digital Recording of Electrocardiographic 
Data for Analysis by a Digital Computer, by 
L. Taback, E. Marden, and H. L. Mason 
(Natl. Bur. of Standards) and H. V. Pip- 
berger (Veterans’ Admin. Hospital and 
Georgetown Univ. School of Medicine) ; IRE 
TRANS. ON MEDICAL ELECTRONICS, vol. 
ME-6, pp. 167-171; September, 1959. 

The analysis of electrocardiographic 
(ECG) data on an IBM 704 digital com- 
puter is discussed. The data is recorded ini- 
tially on three channels of a four-channel 
magnetic tape. The techniques employed to 
convert one or more of the cardiac cycles to 
digital data are described. Since the data is 
not prepared under the control of the 704 
test programs have been written to check 
whether the information contained on the 
tape is compatible with the 704. The method 
by which the computer determines the be- 
ginning of the P wave is described. Punched 
cards containing additional information 
about a patient and the same identification 
number as the digital tape containing his 
electrocardiogram can be fed into the com- 
puter together with the tape in order to 
make correlations of various factors among 
groups of patients. 


636 

Desk Calculator Determinations of Human 
Dynamics, by E. S. Krendel and H. L. 
Platzer (Franklin Inst.); U. S. Gov. Res. 
Repts., vol. 32, p. 359(A), September 11, 
1959; PB 137 316 (order from LC mi $2.70, 
ph $4.80) 4 
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The possibility of computing describing 
functions and remnants for the study of 
human dynamics with relatively cheap 
digital equipment is discussed. Procedural 
aids which simplify the hand calculation 
checkout of complex computing programs 
intended for high-speed digital machines are 
given. The selection of the sampling interval 
on the basis of the transport delay of the 
system as well as the Shannon sampling 
theorem is discussed and representative 
computations for a specific example are 
presented. 


637 

Statistical Programs for the IBM 650, by 
J. W. Hamblen (Univ. of Kentucky); Com- 
mun. Assoc. for Computing Mach., vol. 2, 
pp. 13-18, August, 1959; pp. 32-37, October, 
1959. 

Brief descriptions of statistical programs 
available on IBM 650 computers in uni- 
versity computing centers are given. The 
programs are grouped under the headings: 
Experimental Design, Correlation, Multiple 
Regression, Factor Analysis, Curve and 
Surface Fitting, Time Series, Biserial Cor- 
relation, Frequency Tabulations, Chi Square, 
Phi Coefficients, etc., and Random Numbers. 


638 

On a Problem of Network Topology, by 
T. Fujisawa (Univ. of Oskaka Prefecture) ; 
IRE Trans. on Circuit THEORY, vol. CT-6, 
pp. 261-266; September, 1959. 

A method for obtaining all possible trees 
or cotrees and signs of cotree determinants, 
which are necessary in mesh basis analysis 
of networks with mutual and active ele- 
ments, is described. Computations are based 
on fundamental circuit matrices. A trans- 
formation from one tree to another tree may 
be performed by elementary transformations 
on circuit matrices. By this method, all the 
trees and fundamental circuit matrices may 
be determined. Signs of cotree determinants 
and their minor determinants of a funda- 
mental circuit matrix also may be easily de- 
termined. The method is suitable for use on 
digital computers. 


639 

A Method for the Solution of the Nth Best 
Path Problem, by W. Hoffman and R. 
Pavley (Wayne State Univ.); J. Assoc. for 
Computing Mach., vol. 6, pp. 506-514; 
October, 1959. 

A method for the computation of the 
Nth best path through a network whose links 
are weighted with a value is described. The 
method is an extension of and depends on 
the minimum tree method of finding the 
best path. The minimum tree is first evalu- 
ated and deviations from it are computed to 
order other possible paths according to their 
value. The problem has application in the 
control of street traffic. 


640 
Formal Procedures for Connecting Termi- 
nals with a Minimum Total Length of Wire, 
by H. Loberman and A. Weinberger (Nat. 
Bur. of Standards); J. Assoc. for Computing 
Mach., vol. 4, pp. 428-437; October, 1957. 
Total wire length minimization is im- 
portant in a high-speed digital computer in 
order to reduce the capacitance and delay 
line effects of long leads. Two procedures, 
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together with flow diagrams each of which 
leads to the minimum tree solution to the 
problem, are given. The procedures differ 
according to the manner in which the 
branches between terminals are sorted. 


641 

Digital Information Process for Machine- 
Tool Control, by A. K. Susskind (M.I.T.); 
IRE Trans. ON ELECTRONIC COMPUTERS, 
vol. EC-7, pp. 136-140; June, 1958. 

A digital system for the control of a 
milling machine is described. Given the 
contour specifications of the piece to be cut, 
the computer determines straight-line paths, 
approximating the contour within the de- 
sired accuracy, and calculates the cutter- 
center path corresponding to the straight 
lines. From this a tape providing complete 
control over the milling machine motions is 
prepared. Further utilization of the com- 
puter to participate in the initial design as 
well as the cutting of the part is indicated. 


642 
Organization and Retrieval of Records 
Generated in a Large-Scale Engineering 
Project, by G. A. Barnard III (Stanford Res. 
Inst.) and L. Fein; Proc. Eastern Joint Com- 
puter Conf., pp. 59-63; December 3-5, 1958. 
A multicoordinate system for filing and 
retrieving all the documents connected with 
a large-scale engineering project is de- 
scribed. The system is discussed in connec- 
tion with the development of a large-scale 
computer and data processing system but is 
also applicable to other technical projects. 
Records are filed in folders under system 
categories by means of a numeric code and 
under category attributes by means of an 
alpha-numeric code. It was originally in- 
tended to make the file a three-dimensional 
one by filing documents also by the user of 
the information contained in them. This, 
however, was abandoned due to the expense 
involved. The file system is both closed and 
expandable. 


643 

The Trial Translator, An Automatic Pro- 
gramming System for Experimental Rus- 
sian-English Machine Translation, by V. E. 
Guiliano (Harvard Univ.); Proc. Eastern 
Joint Computer Conf., pp. 138-144; Decem- 
ber 3-5, 1958. 

An automatic programming evecea the 
Trial Translator, for the automatic testing of 
translation algorithms, the grammatical and 
syntactic rules for the production of smooth 
automatic translations between human 
languages, is discussed. The automatic 
translation of Russian to English is con- 
sidered. The system accepts as its inputs a 
set of experimental translation algorithms 
expressed in a suitable pseudocode language 
and a Russian technical text. The system 
applies the algorithms to the text and pro- 
duces, as its output, a readable trial trans- 
lation. The Trial Translator contains three 
main subsystems, the Automatic Dictionary, 
the Formula Inserter (a compiler program) 
and a Specifier-Evaluator-Editor (an inter- 
pretive program). 


644 

Pattern Detection and Recognition, by 
S. H. Unger (Bell Tel. Labs., Inc.); Proc. 
IRE, vol. 47, pp. 1737-1752; October, 1959. 


March 


Two types of pattern-processing prob- 
lems are discussed. The first, termed “pat- 
tern detection,” consists of. examining an 
arbitrary set of figures and selecting those 
having some specified form, The second 
problem, “pattern recognition,” consists of 
identifying a given figure which is known to 
belong to one of a finite set of classes. This is 
the problem encountered when reading 
alpha-numeric characters. Both recognition 
and detection have been successfully carried 
out on an IBM 704 computer which was 
programmed to simulate a spatial computer 
(a stored-program machine comprised of a 
master control unit directing a network of 
logical modules). One of the programs tested 
consisted of a recognition process for reading 
hand-lettered sans-serif alpha-numeric char- 
acters. This process permits large variations 
in the size, shape, and proportions of the in- 
put figures and can tolerate random noise 
when it is well scattered in small specks, 
Programs for detecting L-shaped (or A- 
shaped) figures in the presence of other ran- 
domly drawn patterns have also been suc 


cessfully tested. , 


‘ 


D-3: PROGRAMS—TECHNIQUES, , 
DIGITAL COMPUTERS . 


645 
Parallel Programming, by S. Gill (Ferrauial 
Ltd.); Computer J., vol. 1, pp. 2-10; April, 
1958. 
As computers become faster, the idle 
time caused by the comparative slowness of, 
peripheral devices becomes increasingly ob-' 
jectionable. Parallel programming, 7.e., the, 
assignment of priorities to the various opera-. 
tions under the control of the computer so as; 
to enable the rest of the computer to con- 
tinue with useful work while one piece of, 
equipment is tied up with a slow operation, , 
is presented as a solution to the problem.. 
The advantages cited include the elimina-, 
tion of conventional storage, the simultane-, 
ous operation of a production program and 
a program to be debugged, and parallel oper- 
ation of realtime control applications or in- 
formation look-up, with routine calculations. 
It is concluded that the resulting increased 
complexity of programming will not present. 
insuperable problems. 


646 
A Proposal for a Generalized Card Code for 
256 Characters, by R. W. Bemer (IBM 
Corp.); Comm. Assoc. for Computing Mach., 
vol. 2, pp. 19-24; September, 1959. | 

A proposal for expanding the present 
highly redundant punched card code to in- 
clude, for example, all the International 
Algebraic Language Symbols is discussed. 
Such an expansion must be compatible with 
the existing code, contain at least 256 new 
characters and be further expansible, be re- 
producible on existing key punches, and) 
have one-to-one correspondence between 
character and code. A solution satisfying 
these criteria and having no more than four 
punches per column is developed. 


647 

On the Construction of Micro-Flowcharts, 
by S. Gorn, P. Z. Ingerman, and J. B. Crozier 
(Univ. of Pennsylvania); Commun. Assoc. 
for Computing Mach., vol. 2, pp. 27-31; 
October, 1959. 


The construction of Micro-Flowcharts 
scribing the operation of individual com- 
ter instructions is advocated and a sys- 
atic method of accomplishing this trans- 
tion is presented. By these means the simu- 
tion of one machine upon another and the 
ioper choice from available machines of the 
ie most suited to a particular application 
ill be facilitated. 


mpirical Test of an Additive Random 
mber Generator, by B. F. Green, Jr., 
E. K. Smith, and L. Klem (MIT Lincoln 
rb.); J. Assoc. for Computing Mach., vol. 6, 
». 527-537; October, 1959. 

_ The experimental testing of the appar- 
‘t randomness of numbers generated 
y the additive congruential process 
|;=(Xj-1+ X;-n) mod 1 where the X’s are 
ysitive fractions is described. Frequency, 
Poker,” serial correlation and run length 
stribution tests were performed. The 
umbers were satisfactory except for a non- 
jndomness in runs for n<16 which can be 
moved by discarding alternate numbers. 
he process has the advantage compared 
ith multiplicative processes that addition 
much faster than multiplication on many 
:achines. 


9 
a Principles of Sorting, by D. A. Bell 
Jniv. of Birmingham); Computer J., vol. 
Epp: ¢1—/7; July, 1958. 

_ The amount of storage and the number 
operations required by the better-known 
‘ethods of sorting such as pigeon-hole, 
.dix, merging, repeated comparisons, in- 
trtion, address calculation, selection, and 
punting are compared and general princi- 
les that help to determine which methods 
+ combination of methods is most suitable 
pr a particular application on a given com- 
uter are enunciated. 


0 
jorting on Electronic Computers, by E. H. 
riend (N. Y. Life Ins. Co.); J. Assoc. for 
eyeing Mach., vol. 3, pp. 134-168; July, 
256. 

_ A complete synopsis of all aspects of the 
rocess of sorting is provided. All the better 
ih sorting methods such as internal 
nerging, inserting, exchanging, radix sorting 
ounting, and selecting are described. Opti- 
hum methods of attack for multitape sorts 
re discussed. Estimates of machine-time 
nd number of operations for each of the 
hajor methods are provided. 


51 

ene by Address Calculation, by E. J. 
aac and R. C. Singleton (Stanford Res. 
nst.); J. Assoc. for Computing Mach., vol. 4, 
p. 169-174; July, 1956. 

Sorting of items by calculation of an ad- 
ress function is described. Usually only a 
tatistical approximation to the address 
unction is known. If the approximation is 
rell chosen, sorting time approaches the 
igeon-hole method; a bad choice reduces 
he time of that of the file insertion method. 
‘or sorting random numbers, the optimal 
hoice (established empirically) is to have a 
traight line address function with successive 
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items 2.4 units apart. Estimates indicate 
that for random numbers this method is 
more than twice as fast as conventional 
merge-sort methods. 


652 

Amphisbaenic Sorting, by H. Nagler (IBM 
Corp.); J. Assoc. for Computing Mach., vol. 
6, pp. 459-468; October, 1959. 

A method of sorting data that requires 
only p+1 tape drives, where the key is ex- 
pressed in the radix #, is described. The un- 
sorted data is stored initially on the (b+1)st 
tape. An iterative scheme of splitting blocks 
of data whose designation has the highest 
numerical value into p partitions according 
to the most significant digit of the designa- 
tion produces finally the completely sorted 
data on tape (p+1). By reading tapes in 
one and writing in the reverse direction, any 
group required for splitting is always under 
the head of the appropriate tape unit; and 
the final positions of the tapes are the same 
as their initial positions. When the size of a 
group permits, it is sorted to completion 
internally instead of being distributed over 
the tapes. Convenient algorithms for en- 
coding and decoding the key numbers from 
any radix into radix p are given. 


653 

The Influence of Storage Access Time on 
Merging Processes in a Computer, by P. F. 
Windley (Univ. of Leads); Computer J., vol. 
2, pp. 49-53; July, 1959. 

A detailed analysis of the influence of 
internal storage access time on the optimum 
number of strings for a merging process is 
presented. Optimum sizes of blocks for 
transfer are computed, with particular refer- 
ence to the Ferranti Pegasus computer. 
Built-in instructions capable of selecting the 
largest of three or more numbers are sug- 
gested for future data-processing computers. 


D-5: PROGRAMS—APPLICATIONS, 
ANALOG COMPUTERS 


654 

Opervational Analog Simulation of the Vibra- 
tion of a Beam and a Rectangular Multi- 
cellular Structure, by A. B. Clymer (North 
Amer. Aviation, Inc.); IRE Trans. on 
ELECTRONICS, vol. EC-8, pp. 381-391; 
September, 1959. 

The use of an operational analog com- 
puter for the solution of structural problems 
is discussed. A beam problem and a rectan- 
gular multicellular structure problem were 
run to test the method. It is shown that the 
method is highly competitive with digital 
computer and passive-element computer 
methods for solution of any structural 
problem. 


655 

Analog Computer Aids Heart Ailment Diag- 
nosis, by R. L. Skinner and D. K. Gehmlich 
(Esco, Inc.); Electronics, vol. 32, pp. 56-59; 
October 2, 1959. 

An analog computer which measures the 
rate of flow of blood from the heart is de- 
scribed. A dye is injected into the venous 
side of the heart and the concentration of 
the dye in the blood stream is measured as a 
function of time at the exit of the heart. 
Tape recordings of the dye curve are used 
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as the input to the computer. The exponent 
corresponding to the exponential decay of 
the true dye curve before recirculation be- 
gins is determined. An exponentially decay- 
ing function which has the same exponent 
and the same initial value as that of the 
original dye curve decay is generated. When 
the decay of the original dye curve remains 


. exponential for a given time and before re- 


circulation begins, the generated function 
replaces the actual dye curve. The blood 
flow rate is measured by integrating the 
area under the actual dye curve and under 
the generated curve when it replaces the ac- 
tual curve. 


656 

A Statistical Study of the Effects of Electric 
Fields on the Movements of Mammalian 
Sperm Cells, by J. W. Trank (Univ. of 
Minnesota); IRE Trans. oN MEDICAL 
ELEcTRONICcS, vol. ME-6, pp. 174-179; 
September, 1959. 

The development of a microtechnique to 
facilitate the study of electric field effects 
on the swimming pattern of sperm cells is 
discussed. The instrumentation for this 
technique, a microelectrophoresis vessel, a 
metering motion picture projector, and a 
simple analog computer for data handling, 
are briefly described. 


E-1: MATHEMATICS—LOGIC— 
THEORETICAL MATHEMATICS 
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On the Reduction of Continuous Problems 
to Discrete Form, by J. Greenstadt (IBM 
Corp.); IBM J. Res. & Dev., vol. 3, pp, 
355-363; October, 1959. 

The reduction of a continuous problem, 
defined as one involving derivatives or inte- 
grals, to a discrete problem, involving only 
algebraic or evaluative operations, is dis- 
cussed. An approach involving cells instead 
of points is taken, and the unknown func- 
tion is approximated by functional repre- 
sentations, each associated with one cell and 
an associated set of parameters. Suitable 
operations, each associated with a particular 
cell, are then defined. These operations re- 
move the configuration coordinates from the 
problem, leaving only the parameters. Simi- 
lar operations which link the approximations 
in adjacent cells and which translate certain 
interface conditions to relations between 
parameters associated with cells are defined. 
The entire set of relations is then the equiv- 
alent of the usual difference equations. A 
variational algorithm is introduced in order 
to circumvent certain difficulties associated 
with matching equations and unknowns. 
This also permits the convenient retention 
of certain “exact conditions” associated with 
the continuous problem. Some illustrative 
examples are given. 


E-2: MATHEMATICS—LOGIC— 
SYMBOLIC LOGIC, BOOLEAN 
ALGEBRA, NUMBER SYSTEMS 


658 

The Philosophy of Automatic Error Correc- 
tion, by R. M. Block (Minneapolis-Honey- 
well Regulator Co.); Proc. Eastern Joint 
Computer Conf., pp. 25-28; December 3-5, 
1958. 
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Following a discussion of the inherent 
weaknesses of the theoretical design of 
error detecting and correction systems, the 
empirical design of such systems is dis- 
cussed. Two classes of error correction, 
“reversion” and “deductive,” and an auto- 
matic error correction system, Orthotronic 
Control, are described. 


659 

An Idealized Over-All Error-Correcting 
Digital Computer Having Only an Error- 
Detecting Combinational Part, by W. L. 
Kilmer (Montana State College); IRE 
TRANS. ON ELECTRONIC COMPUTERS, vol. 
EC-8, pp. 312-325; September, 1959. 

The block diagram of an idealized over-all 
error-correcting digital computer is pre- 
sented. This computer has the property that 
during each unit time interval it can correct 
the effects of a specific maximum number 
of transient-type component failures which 
might occur anywhere within it. Yet, all its 
combinational logic circuitry is only of the 
error-detecting type. The corresponding re- 
duction in equipment that this design fea- 
ture makes possible is achieved at the ex- 
pense of the computer’s having to sit idle 
during a large percentage of those time in- 
tervals in which component failures occur. 
In a sense, therefore, the computer utilizes 
a great deal of time-domain redundancy as 
well as equipment-domain redundancy. 
Some of the design requirements that are 
involved in using this type of redundancy 
structure are discussed. 


660 

A Note on Error Detection in Noisy Logical 
Computers, by M. Eden (M.I.T.); Infor. and 
Control, vol. 2, pp. 310-313; September, 
1959. 

A method of error detection for noisy 
logical computer elements is proposed. The 
proposal extends the range of the proposi- 
tional variables so that residue class check 
symbols may be used in error detection. The 
principal consequence is that individual 
logical elements may be designed to process 
binary inputs with arbitrary reliability and 
nonzero channel capacity. 


661 

State-Logic Relations in Autonomous Se- 
quential Networks, by W. H. Kautz 
(Stanford Res. Inst.); Proc. Eastern Joint 
Computer Conf., pp. 119-127; December 3-5, 
1958. 

The synthesis of sequential networks is 
discussed. The relationship between the in- 
ternal logic and the state sequential be- 
havior of such networks is examined through 
the mechanism of a certain mathematical 
model of the network. In particular, some 
conditions for the network to be nonsingu- 
lar, z.e., to have a state diagram which is de- 
terministic even in reversed time, are derived 
and some important consequences of the 
nonsingularity condition are demonstrated. 
The effects on the state diagram of several 
kinds of constraints imposed on the logic 
are determined. Several classes of sequential 
nets are analyzed: the nonlinear feedback 
shift register, the safe-asynchronous net, the 
fully self-independent net, and the net with 
cyclically permuted logic. The realization 
problem using several types of binary stor- 
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age elements such as set-reset flip-flops, 
trigger flip-flops, delay elements, relays, etc., 
are discussed. 


662 

Multi-Functional Circuits in Functional 
Canonical Form, by H. A. Curtis (N.A.S.A.); 
J. Assoc. for Computing Mach., vol. 6, pp. 
538-547; October, 1959. 

Fundamental canonical forms derived in 
an earlier paper (see Abstract 375) are ap- 
plied to multiple output switching circuits 
and to the formulation of cost bounds on 
these circuits. A multi-functional canonical 
form in the design of single output circuits, 
based on Shannon’s method, is discussed. A 
gain in efficiency in the multiple output case 
of at least 20 per cent is demonstrable if the 
possibility of sharing common subfunctions 
in taken into account. 
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Minimizing the Number of States in Incom- 
pletely Specified Sequential Switching Func- 
tions, by M. C. Paull and S. H. Unger 
(Bel! Tel. Labs., Inc.); IRE Trans. on 
ELECTRONIC COMPUTERS, vol. EC-8, pp. 
356-367; September, 1959. 

Given a sequential switching function in 
the form of a flow table in which some of 
the entries are unspecified, the problem of 
reducing the number of rows in that flow 
table is extremely complex, and cannot, i 
general, be solved by any simple extension 
of the methods used for completely specified 
functions. An analysis of the problem is 
presented, and a partially enumerative solu- 
tion is evolved. A rough indication of the 
efficiency of the given procedures may be 
obtained from the fact that these techniques 
have been successfully applied to approxi- 
mately two dozen tables ranging up to about 
15 rows. No solution requires more than two 
hours. 


664 

The Design and Use of Hazard-Free Switch- 
ing Networks, by D. A. Huffman (M.I.T.); 
J. Assoc. for Computing Mach., vol. 4, pp. 
47-62; January, 1957. 

The occurrence and prevention of both 
static and dynamic hazards with particular 
reference to contact networks is discussed. 
A hazard-free canonical form of any network 
is derived and the results are applied to pre- 
venting hazards in gate networks and in the 
synthesis of sequential circuits. 


665 

Algebraic Topological Methods for the Syn- 
thesis of Switching Systems, Part III: 
Minimization of Nonsingular Boolean Trees, 
by J. P. Roth and E. G. Wagner (IBM 
Corp.); IBM J. Research & Dev., vol. 3, pp. 
326-344; October, 1959. 

An algorithm for solving a general prob- 
lem in combinational switching circuit mini- 
mization theory is given. The circuits con- 
sidered consist of a disjunction (OR-ing 
together) of trees of any set of logical ele- 
ments, with the restriction that in any given 
tree no input appears more than once. To 
each logical element is attached a positive 
cost. A method for designing a minimum- 
cost circuit of this variety for any given logi- 
cal function is presented. Two parallel treat- 
ments are given, one viewing it as an ab- 
stract mathematical problem, the other 
considering it as an engineering problem. 
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666 
The Synthesis and Analysis of Digital Sys- 
tems by Boolean Matrices, by J. O. Cam. 
peau (Litton Industries); IRE TRANs. on 
ELECTRONIC CompuTERS, vol. EC-6, pp. 
232-241; December, 1957. j 
Methods whereby Boolean matrices may, 
be used to synthesize digital systems are 
described. The design procedure may be 
systematized analogously to the applicatior, 
of matrix methods to electrical circuit de- 
sign. A Boolean equation model for the 
minimization of the number of memory flip: 
flops ina synchronous digital system is pre: 
sented. The method is also applicable to the 
problems of optimum logical design ang 
optimal programming. 


667 

Synthesis of Electronic Circuits for Sym- 
metric Functions, by G. Epstein (Hughes 
Aircraft Co.); IRE Trans. ON ELECTRONIC 
Computers, vol. EC-7, pp. 57-60; March, 
1958. 

A systematic procedure for the synthesis 
of electronic circuits realizing symmetric 
Boolean functions is developed, as_ the 
Shannon “fold-down” method for relays is 
not applicable to unilateral electronic de 
vices. A minimal-NOT condition is shown tc 
exist for symmetrical functions. As with th 
minimal-OR condition, the minimal-NOT cir, 
cuit does not necessarily imply the mosi 
economical realization except for the case 0: 
fundamental symmetric functions. None. 
theless, it provides a powerful tool for 
synthesis. 


668 
Algebraic Method for Simplification 0: 
Boolean Functions, by N. T. Grisamore 


L. S. Rotolo, et al. (George Washingtor 
Univ.), U. S. Gov. Res. Rept., vol. 32, p 
486(A), October 16, 1959; PB 140 98¢ 


(order from LC mi $2.40, ph $3.20). 

An algebraic process for reducing 
Boolean Functions having many variables 
to minimal forms is discussed. The process. 
which involves an operation on the positior 
numbers of units in the truth value of the 
function to be reduced, can be computer, 


programmed. 


669 
Shift-Register Code for Indexing Applica- 
tions, by M. Nadler and A. Sengupta 
(Indian Statistical Inst.); Commun. Assoc. 
for Computing Mach., vol. 2, pp. 42-43: 
October, 1959. 

A ten-bit shift register code for calling 64 
telemetering stations in a fixed cyclic order 
is described. The 64 ten-bit code words 
identifying the stations are selected to per- 
mit single error-correction. Embedding the 
64 words in the shift register code with 
period 1023 permits operation without punc- 
tuation. The properties and applications of 
the code, and the computation of the partic- 
ular minimum distance three code employed, 
are described in detail. 


670 

Analysis of Sequential Machines, by D. D. 
Aufenkamp (Lockheed Aircraft Corp.) and 
F. E. Hohn (Univ. of Illinois); IRE Trans. 
ON ELECTRONIC ComPuTERS, vol. EC-6, pp. 
276-285; December, 1957. 


; 


bes 


| Starting from Mealy’s model of a sequen- 
tial machine, a connection matrix which com- 
letely describes the machine is developed. 
he equivalence of states of a sequential 
machine is analyzed systematically by an 
iterative technique. With equivalence estab- 
ished, the connection matrix for the simplest 
equivalent machine is simply derived. The 
method, even in complex cases, is readily 
programmed for computer execution. 


671 

(Minimal Sequential Machines, by D. B. 
Netherwood (Wright Air Dev. Center); IRE 
TRANS. ON ELECTRONIC CoMPUTERS, vol. 
IEC-8, pp. 339-345; September, 1959. 

The general class of sequential machines 
defined by Mealy is investigated. It is found 
that any such machine can be identified with 
a set of machines of equivalent minimality. 
A procedure for developing the aggregate of 
all sets of gates for such minimal machines 
is evolved, and the problem of selecting com- 
ponents for constructing machines is dis- 
cussed. 


672 

A Technique for the Reduction of a Given 
Machine to a Minimal-State Machine, by 
S. Ginsburg (Hughes Res. Labs.); IRE 
TRANS. ON ELECTRONIC COMPUTERS, vol. 
EC-8, pp. 346-355; September, 1959. 

A technique for reducing an arbitrary 
machine S as much as possible to a machine 
T which can do everything (from the input- 
output point of view) that S can do is pre- 
sented. Since the technique is always appli- 
cable, it is more powerful (although more 
cumbersome) than the well-known merging 
technique. Several examples are given. 


E-3: MATHEMATICS—LOGIC 
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673 
On the Spectral Norms of Several Iterative 
Processes, by J. W. Sheldon (Computer Us- 
age Co., Inc.); J. Assoc. for Computing 
Mach., vol. 6, pp. 494-505; October, 1959. 
The spectral norm of a square symmetric 
positive definite matrix is defined as the 
positive square root of the maximum mag- 
nitude of its characteristic roots. A measure 
of the effectiveness of an iterative method of 
matrix inversion is derived in terms of the 
spectral norm. Various theorems concerning 
the spectral norm are proved, the results ob- 
tained are applied to all the well-known 
iterative processes and suggestions for im- 
proving the rate of convergence of some of 
these processes are made. 


674 

Construction of a Set of Test Matrices, by 
M. J. Aegerter; Commun. Assoc. for Com- 
puting Mach., vol. 2, pp. 10-12; August, 
1959. 

The equations and properties of a set of 
test matrices suitable for determining the ac- 
curacy of routines for finding the inverse, 
determinant, and eigenvalues of a matrix 
are developed. The matrices are character- 
ized by an exact inverse. The M-condition 
numbers of Turing and the P-condition 
numbers suggested by von Neumann and 
Goldstine are calculated for the test ma- 
trices. 
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The Calculation of the Eigenvectors of Co- 
Diagonal Matrices, by J. H. Wilkinson 
(National Physical Lab.); Computer J., vol. 
1, pp. 90-96; July, 1958. 

The sources of the errors which may 
arise from the straightforward determina- 
tion of the eigenvectors of a matrix C in 
Given’s co-diagonal form are analyzed. Un- 


less care is taken in the recursive solution of © 


the simultaneous equations corresponding 
to the approximation to a particular eigen- 
value, catastrophic errors not infrequently 
result. A remedial suggestion is to equate 
the system of equations C, to an arbitrary 
vector b, whose method of selection gives 
reasonable confidence that, if it be consid- 
ered as a linear combination of the eigen- 
vectors of C, it will not be particularly de- 
fective in any of them. 


676 
Multi-Dimensional Least-Squares Poly- 
nomial Curve-Fitting, by F. H. Lesh (Calif. 
Inst. Tech.); Commun. Assoc. for Computing 
Mach., vol. 2, pp. 20-30; September, 1959. 
A compact notation to handle multi-di- 
mensional polynomial least-squares curve- 
fitting is developed. The analysis proceeds 
exactly as in the one-dimensional case. A 
computer program to organize such a cal- 
culation is flowcharted. 


677 

On Taking the Square Koot of a Complex 
Number, by C. Strachey (Natl. Res. Dev. 
Corp., London); Computer J., vol. 2, p. 89; 
July, 1959. 

A concealed danger, due to cancellation 
resulting from a subtraction, in taking the 
square root of a complex number is noted. 
One solution is to take intermediate square 
roots to double length accuracy; another is 
to find the root not affected by the cancella- 
tion and to obtain the second root from it. 


678 

Tshebysheff Approximations for Power Se- 
ries, by R. C. Minnick (Burroughs Corp.); 
J. Assoc. for Computing Mach., vol. 4, pp. 
487-504; October, 1957. 

A variant of the Lanczos technique of 
Tshebysheff economization of a power series 
is described. The method does not increase 
the absolute error within a given range, yet 
avoids much of the manipulation of the orig- 
inal Lanczos method. A function to predict 
the approximation error is developed and 
the method of computation is outlined. Ex- 
tensive tables of Tshebysheff approxima- 
tions are supplied. 


679 

New Formulas for Computing Incomplete 
Elliptic Integrals of the First and Second 
Kind, by A. R. DiDonato and A. V. Hershey 
(U. S. Naval Weapons Lab.); J. Assoc. for 
Computing Mach., vol. 6, pp. 515-526; 
October, 1959. 

Series expansions for computing incom- 
plete elliptic integrals of the first and second 
kind for large values of the amplitude and 
modulus are developed. Classical binomial 
expansion series may be used for small am- 
plitude and modulus and a criterion for 
terminating the binomial series is given. 
Series expansion evaluation of elliptic in- 
tegrals is compared with the well-established 
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Legendre method depending on the Landen 
transformation. The series method was 
found to be more accurate and efficient with- 
out sacrificing programming compactness. 
Details of the program encoded on the 
NORC machine are given. 


E-6: MATHEMATICS—LOGIC— 
LINEAR PROGRAMMING 


680 

The Alpha Vector Transformation of a Sys- 
tem of Linear Constraints, by S. J. Werson 
(Burroughs Corp.); Commun. Assoc. for 
Computing Mach., vol. 2, pp. 33-34; Sep- 
tember, 1959. 

A vector transformation that minimizes 
the number of artificial vectors required in 
the solution of a linear programming prob- 
lem where all the constraint coefficients are 
of unit magnitude is described. The trans- 
formation allows additional flexibility in ma- 
nipulating the system before computation 


681 

On an Application of Dynamic Program- 
ming to the Synthesis of Logical Systems, 
by R. Bellman (The RAND Corp.); J. 
Assoc. for Computing Mach., vol. 6, pp. 486— 
493; October, 1959. 

The methods of dynamic programming 
and their applications to the synthesis of 
logical systems are described. In general 
terms, an M-dimensional input vector, X, 
whose components assume only the values 
0 or 1 is transferred by n-sequential trans- 
formations into an output vector Y. With 
a deviation metric 


lv -zl|=Dln-z! 


defined (where Z is any intermediate vector), 
the methods of dynamic programming may 
be applied to determine the minimum num- 
ber of steps to go from X to Y, or to mini- 
mize the deviation from Y if the number of 
operations is limited. The algorithms of 
dynamic programming show how to proceed 
optimally from one stage to the next with 
the number of computations increasing only 
linearly with the number of stages consid- 
ered. The general principles are illustrated 
by a simple example involving a delay ele- 
ment. 
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The Role of the University in Computers, 
Data-Processing, and Related Fields, by L. 
Fein (Palo Alto); Commun. Assoc. for Com- 
puting Mach., vol. 2, pp. 7-14; September, 
1959. 

Existing university programs in the 
United States in the fields of computers, 
data-processing, operations research and 
related subjects are reviewed. Many present 
computer activities will develop into full- 
scale disciplines and as such will be the 
legitimate sphere of the university scholar. 
In this light an integrated university pro- 
gram under a separately constituted Gradu- 
ate School of Computer Sciences is recom- 
mended. Details relating to the policies, ad- 
ministration, financing, curricula, faculty 
and students within such an arrangement 
are discussed. 
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683 

An Educational Program in Computing, by 
J. Hollingsworth (Rensselaer Polytech. 
Inst.); Commun. Assoc. for Computing 
Mach., vol. 2, p. 6; August, 1959. 

An educational program currently being 
developed at Rensselaer Polytechnic Insti- 
tute to familiarize all students with numeri- 
cal methods and computers is described. 
Students are introduced to differential equa- 
tions in their sophomore year with a heavy 
emphasis on numerical methods of solution. 
Visual methods of instruction, including 
closed circuit television and automatic grad- 
ing of student programs is discussed. 
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684 

Bibliography on Numerical Analysis, by 
A. S. Householder (Oak Ridge Natl. Lab.); 
J. Assoc. for Computing Mach., vol. 3, pp. 
85-100; April, 1956. 

A bibliographical list of 321 books and 
papers on topics concerning numerical anal- 
ysis is provided. The list brings up to date 
a bibliography published as an appendix in 
the author’s “Principles of Numerical Anal- 
ysis.” The emphasis is heavily on papers 
dealing with matrix algebra. 


685 

Logical Machine Design—A Selected Bibli- 
ography, by D. B. Netherwood (Wright- 
Patterson AFB); IRE Trans. on ELEc- 
TRONIC ComPuTERS, vol. EC-7, pp. 155-18, 
June, 1958; vol. EC-8, pp. 367-380, Septem- 
ber, 1959. 

A wide coverage of current bibliographic 
references on the logical design of machines 
is provided. A salient feature of the bibliog- 
raphy is the extensive indexing of signifi- 
cant title words. Each indexed word is given 
in the complete context of the title in which 
it occurs. A total of 777 references is in- 
cluded. 
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686 
New Logical and Systems Concepts, by 
R. K. Richards; Proc. Eastern Joint Com- 
puter Conf., pp. 51-55; December 3-5, 1958. 
Future developments in computer sys- 
tems technology are discussed. It is pointed 
out that computers can be designed and 
built more efficiently than in the past if the 
technologies of physics, components, cir- 
cuits, logical design, system design, pro- 
gramming, and manufacturing are effec- 
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Translation 605 
ALGOL Modifications 611 
AMOS Computer, Autocode for 612 
Amphisbaenic Sorting 652 
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tively combined. For example, circuit design 
can be greatly simplified by the use of 
Boolean algebra. 


687 

Octal Diagrams of Binary Conception and 
Their Applicability to Computer Design 
Lezic, by Shu-T’ien Li; Commun. Assoc. for 
Computing Mach., vol. 2, pp. 28-29; Sep- 
tember, 1959. 

Early Chinese writings on the conception 
of binary numbers and octal diagrams are 
summarized. The basic element described is 
a trio of two-state symbols, having eight 
states in all. Its application to the represen- 
tation of octal numbers in computers is sug- 
gested. 


688 

Central-European Computers, by N. M. 
Blachman (Office of Naval Res., U. S. 
Embassy, London); Commun. Assoc. for 
Computing Mach., vol. 2, pp. 14-18; Sep- 
tember, 1959. 

Computer developments in East Ger- 
many, Czechoslovakia, Austria, and Yugo- 
slavia are reviewed. The machines de- 
scribed are medium scale and slow speed, 
and tend to be technically unsophisticated. 
Operation times are generally measured in 
milliseconds and relays are copiously em- 
ployed. Machines described in detail are 
the Zeiss-built ZRA 1, the Czech SAPO and 
the Austrian Mailtifterl (“gentle May 
breeze” in contrast to Whirlwind). 


689 
Specialist Discussion Meetings on New 
Digital-Computer Techniques 16th-17th 
February, 1959; Proc. IEE (London), 
vol. 106, pt. B, pp. 444-469; September, 
1959. 

Summaries of some thirty papers pre- 
sented at the Specialist Discussion Meetings 
on New Digital-Computer Techniques, 
February 16-17, 1959 are given. The papers 
deal with character recognition, peripheral 
equipment, low-temperature storage and 
switching devices, and special aspects of 
logical design. 


690 
The British Computer Society Conference, 
Cambridge, England, June 22-25, 1959 
(Based on a report by the Society); Com- 
puters and Automation, vol. 8, pp. 12-15; 
September, 1959. 

The proceedings of the British Computer 
Society Conference are summarized. Among 
the subjects discussed are British computers, 
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training of programmers, accounting by. 
computers, logical design, automatic pro- 
gramming, numerical analysis, and a variety: 
of commercial and economic applications. 
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New Horizons in Computing; Wireless 
World, vol. 65, pp. 311-314; July-August, 
1959. 

The papers presented at the Interna- 
tional Conference on Information Processing 
held recently at Paris are reviewed and the 
exhibits at the “Automath” Exhibition are 
described. The conference papers dealt with 
such subjects as engineering design of com- 
puters, mathematical methods, linear pro- 
gramming, and machine translation of 
languages. Papers dealing with microcir- 
cuitry and the parametron are discussed at 
length. 


692 } 
Survey of Progress and Trend of Develop- 
ment and Use of Automatic Data-Processin 
in Business and Management Control Sys 
tems of the Federal Government, as of De- 
cember 1957—Part III; Commun. Assoc. es 
Computing Mach., vol. 2, pp. 34-43; Sep- 
tember, 1959. 

The present scope and rate of expansion 
of the use of computers in the Federal Goy- 
ernment are described. The biggest users are! 
the armed forces where the most time-con- 
suming applications are in logistics and! 
supply. The computer issue of treasury 
checks and preparations for the 1960 Decen- 
nial Census are discussed. The cost and sav- 
ings involved are generally reckoned in| 
terms of increased availability of informa-| 
tion rather than a significant reduction in) 
personnel. The lack of a direct means oft 
sensing of printed matter for computer input 
is a severe limitation on the expansion of 
computer applications in this field. 


693 
J.E.I.D.A. and its Computer Center; 
Commun. Assoc. for Computing Mach., vol. 
2, pp. 10-16; October, 1959. ; 
The organization, purposes, and estab- 
lishment of the Japanese Electronic In- 
dustry Development Association are out- 
lined. Tabulated details of the four main 
commercially-produced Japanese computers 
are provided. These are the NEAC-2203, 
the HITAC-301 (both medium capacity all- 
transistorized drum-memory computers), 
the FACOM-212, and the TOSBAC-111, 
the latter two being compatible with punched 
card input. 
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Diodes for Use in Parametric Oscillators 562, 
563 
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cording and Analysis of 635 


149 


Electron Beam Frequency Division 567 
Elliptic Integrals, Series Evaluation of 679 
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EDITOR’S NOTE 


This News and Notice’s Section is open to all who have an announcement of a con- ' 
ference, symposium, session, publication, or other artifact of interest to the PGEC | 
membership. Please send announcements to the Editor, who will put them in the first 
available issue. The right is reserved to edit the announcements, and to decide whether 
they indeed are aimed at our audience. 


COMING MEETINGS 


1960 WICC 


The date for the 1960 WJCC (Western 
Joint Computer Conference) is May 3-5. 
The place is San Francisco. 

The theme of the Conference is “Com- 
puters—Challenge of the Next Decade,” and 
special emphasis will be placed on areas in 
which substantial growth and development 
are anticipated during the 1960's, such as 
language translation, data retrieval, and self- 
teaching systems. 

Proceedings will be distributed at the 
Conference. 


1960 ELECTRONIC COMPONENTS 
CONFERENCE (EIA, AIEE, IRE, 
WCEMA) 


Willard Hotel, Washington, D. C., May 
10-12, 1960, are the space-time coordinates. 
For further information, write to Herbert 
H. Rosen, Publicity Chairman, National 
Aeronautics and Space Administration, 1520 
H Street, N.W., Washington 25, D. C. 


ONR SYMPOSIUM ON SUPER- 
CONDUCTIVE TECHNIQUES FOR 
COMPUTING SYSTEMS 


On May 17-19, 1960, the Information 
Systems Branch, Office of Naval Research, 
will sponsor a Symposium on Superconduc- 
tive Techniques for Computing Systems. It 
will be held in the Department of the Interior 
Auditorium on C Street between 18th and 
19th Streets, N.W., Washington, D. C. The 
program includes 29 papers covering diverse 
aspects of the cryogenics field, from the 
physics to the circuits. Programs and regis- 
tration information may be obtained from: 


Miss Josephine Leno 
Code 430A 

Office of Naval Research 
Washington 25, D. C. 
(Phone: OXford 6-6213) 


CONFERENCE ON PARALLEL 
PROGRAMMING 


The Cleveland-Akron Chapter of the 
ACM is sponsoring a Conference on Parallel 
Programming at the NASA Lewis Research 
Center Auditorium in Cleveland, Ohio, on 
Thursday, May 19, 1960. Attendance is by 
preregistration only. For registration details, 
call or write to L. R. Turner, Lewis Research 
Center, 21000 Brookpark Road, Cleveland 
35, Ohio. 


D.RI. SEVENTH ANNUAL 
SYMPOSIUM ON COMPUTERS 
AND DATA PROCESSING 


Denver Research Institute of the Univer- 
sity of Denver is sponsoring its Seventh An- 
nual Symposium on Computers and Data 
Processing on July 28-29, 1960. Three ses- 
sions are planned on components, logic de- 
sign, and the philosophy of computer design. 
Write to W. H. Ejichelberger, Arrange- 
ments Chairman, Denver Research Insti- 
tute, Denver 10, Colo., for all details. (Colo- 
rado is very pleasant in July—Editor’s com- 
ment.) 


ANNUAL ACM MEETING 


The fifteenth Annual Meeting of the 
Association for Computing Machinery will 
be held at Marquette University, Mil- 
waukee, Wis., on August 23-25, 1960. Local 
arrangements will be under the direction of 
Prof. Arthur Moeller of Marquette. Con- 
tributed and invited papers on all phases of 
analog and digital computation, business ap- 
plications, and data processing will be pre- 
sented. Round-table discussions and a “Hall 
of Discussions” are planned. 


WESCON 
August 23-26, in Los Angeles. 


INTERNATIONAL SYMPOSIUM ON 
DATA TRANSMISSION 


The Benelux Section of IRE is spon- 
soring an International Symposium on Data 
Transmission in Delft, The Netherlands, on 
September 19-20, 1960. The symposium will 
be concerned with the problems of trans- 
mitting and receiving information in digital 
form. Particular emphasis will be placed on 
the behavior of practical communication 
networks, including existing telephone sys- 
tems, existing and planned military systems, 
and schemes of the future, such as those that 
use satellites. The aim of the symposium will 
be to reduce the gap now existing between 
theory and practice. The symposium will 
be conducted in English. The papers sched- 
uled give a good representation of work 
being carried on the U.S. as well as in 
Europe. For further information, contact 
B. B. Barrow, Secretary, IRE Benelux Sec- 
tion, Postbus 14, Den Haag, The Nether- 
lands. 


AIEE SYMPOSIUM ON SWITCHING 
CIRCUIT THEORY AND LOGICAL 
DESIGN | 


The symposium will consist of sessions 
held during the AIEE Fall General Meeting, 
in Chicago, October 9-14, 1960. For further, 
information, write to Thomas H. Mott, Jr.,; 
RCA Laboratories, Princeton, N. J. 


r 


POWER INDUSTRY COMPUTER AP- 
PLICATIONS CONFERENCE 


The Second Power Industry Computer, 
Applications Conference sponsored by AIEE 
will be held in St. Louis, November 9-11, 
1960. Complete details are available from: 
E. L. Harder, Analytical Department 4113, | 
Westinghouse Electric Corp., East Pitts- 
burgh, Pa. 
1B IKE. 

New York, N. Y., December, 1960. 


UNIVERSITY SUMMER PROGRAMS 


Three short summer courses of interest. 
to computer people have come to our atten- 
tion. We are sure that this list is not ex- 
haustive, but we suspect it is representa- 
tive: ! 


1) University of Michigan, June 13-24. 
Five courses in computer science and en- 
gineering (plus many others): introduction 
to digital computer engineering; theory of 
computing machine design; introduction to 
standard methods of numerical analysis; ad- 
vanced numerical analysis; and program- 
ming concepts, automata, and adaptive sys- 
tems. Write to Engineering Summer Con- 
ferences Office, 126 West Engineering Build- 
ing, University of Michigan, Ann Arbor, 
Mich. 

2) Massachusetts Institute of Technol- 
ogy, June 14-24. One course, switching cir- 
cuits, supervised by Prof. Samuel H. Cald- 
well. Write to Office of the Summer Session, 
Room 7-103, M.I.T., Cambridge 39, Mass. 

3) The Moore School of Electrical En- 
gineering, University of Pennsylvania, June 
20-July 16. Two courses in the computer 
field, one in numerical analysis supervised 
by Prof. Saul Gorn, the other on new de- 
vices in amplifying and switching, super- 
vised by Prof. Noah Prywes. Courses are six 
hours per day, five days per week in air- 
conditioned rooms. Visiting lecturers as well 
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niversity facuity will participate. Write 
cial Summer Session Office, The Moore 
nool of Electrical Engineering, 200 South 
id Street, Philadelphia 4, Pa. 


} ‘BLICATIONS AVAILABLE 


MPOSIUM ON THE MECHANIZA- 
ON OF THOUGHT PROCESSES 


| British Information Services reports that 
‘— proceedings of the Symposium on the 
#chanization of Thought Processes, held at 
» National Physical Laboratory, England, 
| November 24-27, 1958, is now available- 
1$9.29 postpaid. The symposium included 
| papers covering a wide range of topics in 
» areas of artificial intelligence, automatic 
pgramming, mechanical language transla- 
jn, speech recognition, learning in ma- 
lines, neural nets and their implications 
| biology, and the implication of all this 
; industry. Authors are from Great 
jitain, U.S., France, U.S.S.R., Israel, and 

ngary. Write to British Information 


_ Y.; in Great Britain, write to Her 


ajesty’s Stationery Office. 


ROCEEDINGS OF THE 1959 UNESCO 
NTERNATIONAL CONFERENCE ON 
NFORMATION PROCESSING 


| The papers presented at the Paris Con- 
~ence held June 15-20, 1959, are now in 
‘int as the Proceedings of the International 
nference on Information Processing. The 
‘ice is $25.00 per copy. Write to Columbia 
niversity Press, New York 27, N. Y., or 
INESCO Publications Center, 801 Third 
venue, New York 22, N. Y. 


OMPUTER ABSTRACTS JOURNAL 
IND COMPUTING REVIEWS 


Computer Abstracts is the new title of 
\e bibliographic journal published by Tech- 
cal Information Company, Chancery 
ouse, Chancery Lane, London WC2, Eng- 
nd. The new letterpress journal replaces 
.e duplicated Computer Bibliography for- 
erly purveyed by the Company. 

ACM has begun a new journal Comput- 
yg Reviews under the editorship of Dr. 
yhn W. Carr III, It will appear initially as 
section of Communications of the ACM, 
id will feature critical reviews of a wide 
ge of computer books and papers. 


PGEC News and Notices 


CALL FOR PAPERS 


COMPUTER ISSUE OF PROcEEDINGS OF 
THE IRE 


The Institute of Radio Engineers will 
publish a special Computer Issue of PRo- 
CEEDINGS in January, 1961. 

You are invited to submit a paper for 
publication in this issue. Papers on new 
developments in digital and analog com- 
puters are desired, especially in the follow- 
ing areas: 


Components 
Storage devices and systems 
Arithmetic, logic, and control elements, 
including self-organizing machines 
Input and output elements, including 
voice and pattern recognition, and 
displays 
Logical design, including use of com- 
puters in logical design 
Circuit design, including use of com- 
puters in circuit design 
General-purpose computers and data 
processors 
Computers optimized for special roles 
Large systems in which computers play 
a role 
Digital communication 
Microminiaturization. 


The deadline for papers is July 29, 1960. 
Papers must include a 100-word abstract. 
Three copies of the paper and illustrations 
are required. Also include one set of illustra- 
tions that are reproducible, and _ photo- 
graphs and biographies of the authors. They 
should be sent to E. K. Gannett, Managing 
Editor, 1 East 79th Street, New York 21, 
N. Y. Clearly indicate that the paper is in- 
tended for the Computer Issue. 

Computer Issue Editorial Board: H. T. 
Larson, L. C. Hobbs, K. W. Uncapher. 


PGEC CHAPTER ACTIVITIES 


PGEC CHAPTER BIBLIOGRAPHY 
PROJECT 


The PGEC announces a Chapter Bibli- 
ography Project. Chapters are invited to 
undertake the preparation of special-purpose 
bibliographies on advanced topics in the 
computer field, for publication in these 
TRANSACTIONS. For further information, 
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contact Dr. L. F. Jones, Westinghouse Elec” 
tric Corp., Air Arm 454, Box 746, Baltimore 
3, Md. 


BOSTON CHAPTER ORGANIZES DIS 
CUSSION GROUPS 


Informal discussion groups have been 
organized on a trial basis by the Boston 
Chapter of the PGEC. Four groups were 


‘started, each covering a specific area in the 


computer field. For example, one group cen- 
ters on the design considerations of auto- 
matic programming systems. 

The support is enthusiastic, and two of 
the groups meet regularly. The size of the 
group and the nature of the discussion ap- 
pear to depend primarily on the discussion 
leader and secondarily on the topic. Groups 
have ranged in size from six to over twenty; 
the smaller groups permit more participa- 
tion. 

These groups fill a definite need that 
is not satisfied by the usual technical papers 
sponsored by the Chapter. It is planned to 
continue and extend this activity in the Fall. 


PHILADELPHIA CHAPTER PLANS 
MEETING IN MAY 


The Philadelphia Chapter will hold its 
its final meeting of 1959-1960 on May 11 at 
the Cherry Hill RCA plant. The program 
will consist of a panel discussion on “Operat- 
ing Experience with Solid-State Com- 
puters,” and will include panel members 
from RCA, Remington Rand Univac, and 
Philco. In addition, election of officers for 
the coming year will be conducted. Nom- 
inees are: William E. Bradley (Philco) for 
Chairman; Robert A. C. Lane (RCA) for 
Vice Chairman; George Lund (Burroughs) 
for Secretary. 

Peter E. Raffa (Technitrol), Irv Glass- 
man (RCA), Lester Spandorfer (Remington 
Rand Univac), Robert Tillman (Burroughs), 
and Jerry Conklin (GE) are nominated for 
Administrative Committee posts. 


PHILADELPHIA SYMPOSIUM 


IRE, AIEE AND SIAM (Society for 
Industrial and Applied Mathematics) have 
cooperated to give a seven-lecture Symposi- 
um on Computer Applications for Engineers, 
on Monday evenings from February 29 
through April 18 in Philadelphia. Attend- 
ance has averaged over 80 for the lectures to 
date, and the papers have been well received. 
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LEW IN SIACKS 


INFORMATION FOR AUTHORS 


IRE TRANSACTIONS ON ELECTRONIC CompuTeERS is published quarterly, in March, June, September, and December, 
with a distribution of over 9000 copies, largely to engineers, logicians, and supervisors in the computer field. Its scope in- 
cludes the design, theory, and practice of electronic computers and data-processing machines, digital and analog, and parts 
of certain related disciplines such as switching theory and pulse circuits. 

If a paper of widespread interest beyond the computer field is submitted, it will be recommended to the Editor of PRo- 
CEEDINGS OF THE IRE for publication. If our reviewers feel that a paper should be submitted to a different IRE TRANSACTIONS, 
we will so recommend to the author. 

Publication time in IRE TRANSACTIONS ON ELECTRONIC COMPUTERS, from receipt of the original manuscript to mailing 
of the issue, is normally in excess of 5 months, but can be made as little as 33 months if the occasion demands and the 
manuscript is carefully prepared. 

To avoid delay, please be guided by the following suggestions: 


A. Process for Submission of a Technical Paper 


1) Send to the Editor three copies of your manuscript, each copy complete with illustrations. (For Letters to the Editor, 
two copies will do.) 

2) Enclose originals for the illustrations, in the style described below. Alternatively, be ready to send the originals im- 
mediately upon acceptance of the paper. 

3) Enclose a separate sheet giving your preferred address for correspondence and return of proofs. 

4) Enclose a technical biography and photograph of each author, or be ready to supply these upon acceptance of the 
paper. For biography style, see any IRE journal. 

5) If the manuscript has been presented, published, or submitted for publication elsewhere, please so inform the Editor. 
Our primary objective is to publish technical material not available elsewhere, but on occasion we publish papers of unusual 
merit that have appeared or will appear before other audiences. 


B. Style for Manuscript 


1) Typewrite, double or 14 space; use one side of sheet only. (Good office-duplicated copies are acceptable.) 

2) Provide an informative 100- to 250-word summary (abstract) at the head of the manuscript. It will appear with the 
paper and also separately in PROCEEDINGS OF THE IRE. 

3) Provide a separate double-spaced sheet listing all footnotes, beginning with “*Manuscript received by the PGEC 
_—=e” and “(Affiliation of author),” and continuing with numbered references. Acknowledgment of financial sup- 
port is often placed at the end of the asterisk footnote. 

4) Give complete references, insofar as possible. See footnotes in this or previous issues for examples of IRE style. Ref- 
erences will be printed as footnotes in the column where first mentioned. 

5) You may choose to provide a “Bibliography” at the end of the paper, with items referred to by a numeral in square 
brackets, e.g., [12], to supplement or supplant footnote references. 

6) Provide a separate sheet listing all figure captions, in proper style for the typesetter, e.g.: “Fig. 1—Example of a dis- 
joint and distraught manifold.” 


C. Style for Illustrations 


1) Originals for illustrations should be sharp, noise-free, and of good contrast. We regret that we cannot provide drafting 
or art service. 

2) Line drawings should be in India ink on drafting cloth, paper, or board. Use 83X11 inch size sheets if possible, to 
simplify handling of the manuscript. 

3) On graphs, show only the coordinate axes, or at most the major grid lines, to avoid a dense, hard-to-read result. 

4) All lettering should be large enough to permit legible reduction of the figure to column width, perhaps as much as 4:1. 

5) Photographs should be glossy prints, of good contrast and gradation, and any reasonable size. 

6) Number each original on the back, or at the bottom of the front. ‘ 

7) Note item B-6 above. Captions lettered on figures will be blocked out in reproduction, in favor of typeset captions. 


Dr. Howard E. Tompkins, Editor 
IRE TRANSACTIONS ON ELECTRONIC COMPUTERS 


Until July 15, 1960, mail all manuscripts to: The Moore School of E.E., University of Pennsylvania 
200 South 33rd Street 
Philadelphia 4, Pa. 


After July 15, 1960, mail all manuscripts to: Electrical Engineering Department 
University of New Mexico 
Albuquerque, N. Mex. 


